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(57) To provide the water-repellent coating film hav- 
ing excellent transparency, abrasion resistance, 
weather resistance and water repellency, the method for 
producing the coating film, the multi-functional compos- 
ite material provided with the coating film and the coat- 
ing composition used therefor which has excellent 
dispersion stability. The coating composition comprises 
(A) the fluorine-containing ethylenic polymer prepared 
by copolymerizing a fluorine-containing ethylenic mono- 
mer having at least one functional group selected from 
hydroxy!, carboxyl, a carboxylic salt group, a carboxylic 
ester group and epoxy, (B-1) the metal oxide sol, and 
(C) the solvent. 
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Description 
TECHNICAL FIELD 

5 [0001 ] The present invention relates to a coating composition, a coating film and a method for producing the coating 
film. 

BACKGROUND ART 

10 [0002] Hitherto various attempts have been studied to give water repellency to window glasses and fender mirrors for 
the purpose to repel rain water and to obtain clear view in rainy days. 

[0003] For example, JP-A-4-124047, JP-A-4-325446 and JP-A-5-24885 disclose coating of a silane compound con- 
taining a fluoroalkyl group (R f group) on a substrate such as glass. Also JP-A-4-359086, JP-A-5-1 70486 and JP-A-5- 
21 3633 disclose forming of a water-repellent oxide film by partially hydrolyzing, with an acid, etc., a f luoroalkyl-contain- 
15 ing silane compound or a metal alkoxide mixed with a fluoroalkyl-containing silane compound, condensation-polymer- 
izing (to be sol) and then coating on a glass substrate and baking (to be gel). 

[0004] However the water-repellent glass obtained by the above-mentioned methods has a problem that water-repel- 
lent groups are easy to distribute in the outermost surface of the coating film and water-repellency is lowered by abra- 
sion. Further the fluoroalkyl-containing silane compound and its condensate have insufficient heat resistance and 
20 weather resistance, so that when used for a long period of time, they are deteriorated and cannot maintain water-repel- 
lency. 

[0005] Therefore in order to solve those problems, there have been investigated various methods to obtain a water- 
repellent coating film by dispersing fluorine-containing resin particles having no functional group as a water-repelling 
component into a metal oxide obtained through so-called sol-gel method. For example, in JP-A-5-51238, JP-A-6- 

25 329442, JP-A-6-340451, JP-A-7-102207 and J P-A-7- 157335, it is disclosed that a coating solution is prepared by 
admixing particles (powder or dispersion) of water-repellent fluorine-containing resin such as polytetraf luoroethylene, 
tetrafluoroethylene-hexafluoropropylene polymer or fluorine-containing acrylic resin to a sol solution prepared by hydro- 
lyzing and condensating a metal alkoxide compound in a solvent such as alcohol, and the coating solution is applied on 
a substrate such as glass and then baked (to be gel) to form a water-repellent coating film that the water-repellent par- 

30 tides are distributed in the sol-gel film. 

[0006] However in those methods, though improvements of weather resistance and heat resistance can be expected, 
there are the following problems. 

® Dispersion stability of fluorine-containing resin particles in the coating solution prepared by admixing the fluo- 
35 rine-containing resin particles to the sol solution is poor, sedimentation of the fluorine-containing resin particles 
easily occurs, and thus the coating film becomes turbid in white and transparency becomes lowered significantly. 
@ Even if the coating solution visually seems to be dispersed, when the solution is coated and concentrated in the 
coating film during baking step, the fluorine-containing resin particles are coagulated because of insufficient disper- 
sion stability, and the coating film becomes turbid in white and its transparency is lowered. 
40 <§) Since interfacial affinity between the metal oxide and the fluorine-containing resin particles is inherently low, 
dispersibility of the fluorine-containing resin particles in the obtained coating film is low, strength of the coating film 
is lowered and abrasion resistance of the coating film becomes low. 

@ Since interfacial affinity between the metal oxide and the fluorine-containing resin particles in the obtained coat- 
ing film is low, removal of the fluorine-containing resin particles occurs in the abrasion resistance test, and water- 
45 repellency is lowered. 

[0007] As mentioned above, present situation is such that there have not yet been obtained a water-repellent coating 
film or water-repellent glass which is excellent in transparency and water-repellent durability such as abrasion resist- 
ance and weather resistance, and a coating composition which is used therefor and is excellent in dispersion stability. 

so [0008] An object of the present invention is to provide a multi-functional coating film being excellent in not only water- 
repellency and transparency but also stain-proofing property, non-sticking property, sliding property (abrasion resist- 
ance) and weather resistance, a method for producing the coating film, a multi-functional composite material provided 
with the coating film, and a coating composition which is used therefor and is excellent in dispersion stability. 
[0009] Further an object of the present invention is to provide composite materials having water-repellency, stain- 

55 proofing property, non-sticking property, sliding property or weather resistance which are produced by applying the 
mentioned coating film on a substrate. 

[001 0] Also an object of the present invention is to provide a composite material for cooking apparatuses and a com- 
posite material for building. 
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DISCLOSURE OF THE INVENTION- 

[001 1] The present invention relates to a coating composition comprising 

5 (A) a fluorine-containing ethylenic polymer having functional group (hereinafter also referred to as "fluorine-contain- 
ing polymer (A) having functional group") prepared by copolymerizing a fluorine-containing ethylenic monomer 
having functional group which has at least one functional group selected from the group consisting of hydroxyl, car- 
boxyl, a carboxylic salt group, a carboxylic ester group or epoxy, 
(B- 1 ) a metal oxide sol, and 

io (C) a solvent. 

[0012] Also in the present invention, it is preferable that the above-mentioned fluorine-containing polymer (A) having 
functional group is in the form of fine particles. 

[001 3J Also in the present invention, it is preferable that fine particles of the above-mentioned fluorine-containing pol- 
rs ymer (A) having functional group are water-repellent fine particles. 

[001 4] Also in the present invention, it is preferable that the fluorine-containing polymer (A) having functional group is 
a fluorine-containing polymer having functional group which is prepared by copolymerizing 

(a) 0.05 to 50 % by mole of at least one of fluorine-containing ethylenic monomers having functional group and rep- 
20 resented by the formula (1): 

CX 2 =CX 1 -R r Y (1) 

wherein Y is -CH 2 OH, -COOH, a carboxylic salt group, a carboxylic ester group or epoxy, X and X 1 are the same 
25 or different arid each is hydrogen atom or fluorine atom, R f is a divalent fluorine-containing alkylene group having 
1 to 40 carbon atoms or a divalent fluorine-containing alkylene group having 1 to 40 carbon atoms and ether bond 
and 

(b) 50 to 99.95 % by mole of at least one of fluorine-containing ethylenic monomers copolymerizable with the fluo- 
rine-containing ethylenic monomer (a) having functional group. 

30 

[0015] Also in the present invention it is preferable that the fluorine^containing ethylenic monomer (a) having tunc- *, 
tionai group is a fluorine-containing ethylenic monomer having functional group and represented by the formula (2): 

CH 2 =CFCF 2 -R, 1 -Y 1 (2) 

35 

wherein Y 1 is -CH 2 OH, -COOH, a carboxylic salt group, a carboxylic ester group or epoxy, R f 1 is a divalent fluorine-con- 
taining alkylene group having 1 to 39 carbon atoms or OR f 2 , in which R f 2 is a divalent fluorine-containing alkylene group 
having 1 to 39 carbon atoms or a divalent fluorine-containing alkylene group having 1 to 39 carbon atoms and ether 
group. 

40 [001 6] Also in the present invention it is preferable that the fluorine-containing ethylenic monomer (b) is tetraf luoroeth- 
ylene. 

[0017] Also in the present invention it is preferable that the fluorine-containing ethylenic monomer (b) is a mixture of 
85 to 99.7 % by mole of tetrafluoroethylene and 0.3 to 15 % by mole of a monomer represented by the formula (3): 

45 CF 2 =CF-R f 3 (3) 

wherein R f 3 is CF 3 or OR f 4 , in which R f 4 is a perfluoroalkyl group having 1 to 5 carbon atoms. 
[0018] Further the present invention relates to a metal oxide coating film comprising the above-mentioned metal oxide 
(B) and fine particles of the fluorine-containing polymer (A) having functional group, and containing the fine particles in 
so dispersed state. 

[001 9] Further the present invention relates to a metal oxide coating film comprising the above-mentioned metal oxide 
(B) and water-repellent fine particles of the fluorine-containing polymer (A) having functional group, and containing the 
water-repellent fine particles in dispersed state. 

[0020] Further the present invention relates to a method for producing a coating film by using (B- 1) a metal oxide sol 
55 obtained from at least one selected from the group consisting of a metal alkoxide, a metal acetylacetate, a metal car- 
boxylate, a metal nitrate or a metal chloride and an aqueous dispersion containing fine particles of the above-mentioned 
fluorine-containing polymer (A) having functional group obtained by emulsion polymerization; the method comprising 
the steps of 
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(1) preparing a coating solution by mixing the metal oxide sol (B-1) and the aqueous dispersion, 

(2) forming a coating film by applying the coating solution to a substrate, and 

(3) baking the coating film to obtain the film containing the fine particles of the fluorine-containing polymer (A) hav- 
ing functional group in dispersed state. 

5 

BRIEF DESCRIPTION OF THE DRAWING 
[0021] 

10 Fig. 1 is a diagrammatic perspective view of a sample used for a non-stickiness test in Example of the present 
invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

15 [0022] The coating composition of the present invention is the coating composition comprising (A) the fluorine-con- 
taining ethyienic polymer having the specific functional group, (B-1) the metal oxide sol and (C) the solvent, and the 
important feature of the present invention is to use the fluorine-containing polymer (A) having functional group which is 
obtained by introducing the specific functional group. 

[0023] The present inventors have found that, not only since dispersion stability of the fluorine-containing polymer (A) 

20 having functional group in the metal oxide sol (B-1) and the solvent (C) is enhanced remarkably but also since the flu- 
orine-containing ethyienic polymer (A) having functional group is dispersed so uniformly in the coating fflm obtained 
from the coating composition comprising the mentioned components, the coating film is particularly good in transpar- 
ency and is also excellent in water-repellency, stain-proofing property, non-sticking property, sliding property, weather 
resistance and heat resistance, and thus have completed the present invention. 

25 [0024] Further the present inventors have found that even in case where the fine particles of the fluorine-containing 
polymer (A) having functional group are used, the above-mentioned dispersion stability, transparency, water-repellency. 
stain-proofing property, non-sticking property, sliding property, weather resistance and heat resistance are more excel- 
lent, and that particularly when the water-repellent fine particles of the fluorine-containing polymer (A) having functional 
group are used, those characteristics are further enhanced, and particularly water-repellency is significantly enhanced. 

30 [0025] As compositions similar to the coating composition of the present invention, for example, JP-A-7-82520, 
WO94/06870 and JP-A-8-12921 disclose coating compositions prepared by blending a hydrolyzable silane compound 
with a polymer of a hydrocarbon vinyl ether having hydroxyl and fluorine-containing ethylene. 
[0026] However the coating compositions disclosed in the mentioned publications are characterized in that after the 
coating, the fluorine-containing polymer composes a matrix and the silane compound is phase-separated therefrom 

35 and spread in the surface region of the coating film. Namely the inventions disclosed in the mentioned publications aim 
to make the coating film surface hydrophilic by hydrolyzing the silane compound in the surface region of the coating film 
to improve property for preventing stain due to rain water, when used outdoors. 

[0027] Accordingly those coating compositions cannot give a coating film having the excellent water-repellency, stain- 
proofing property, non-sticking property, sliding property, weather resistance and heat resistance of the present inven- 
40 . tion. Also the fluorine-containing polymers themselves disclosed in the mentioned publications have weather resistance 
but are insufficient in water-repellency and heat resistance, and thus when forming a coating film according to the sol- 
gel method of the present invention, thermal decomposition occurs, for example, at the time of baking step, which 
results in poor appearance of the coating film and lowering of the inherent characteristics of the fluorine-containing 
resin. 

45 [0028] On the other hand since the fluorine-containing polymer (A) having functional group in the coating composition 
of the present invention is a polymer obtained particularly by copolymerizing the fluorine-containing ethyienic monomer 
having functional group and the fluorine-containing ethyienic monomer which does not have the above-mentioned func- 
tional group, the polymer itself has a large fluorine content and is excellent in water-repellency, stain-proofing property, 
non-sticking property, sliding property, weather resistance and heat resistance. Thus the polymer is not thermally 

so decomposed at the baking step and can give a metal oxide coating film having excellent transparency and water-repel- 
lency 

[0029] The specific functional group of the fluorine-containing polymer (A) having functional group which can be used 
in the coating composition of the present invention is at least one of hydroxyl, carboxyl, a carboxylic salt group, a car- 
boxylic ester group and epoxy, and is selectively and optionally used depending on purposes and applications, namely 
55 kind of the metal oxide (B), kind of a starting material such as metal alkoxide used when preparing the metal oxide sol 
(B-1) and kind of a substrate surface. From the viewpoints of dispersion stability of the coating composition and heat 
resistance at baking, hydroxyl is most preferable. 

[0030] Example of the fluorine-containing polymer (A) used in the coating composition of the present invention is a 
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fluorine-containing polymer having functional group which is prepared by copolymerizing (a) 0.05 to 50 % by mole of at 
least one of fluorine-containing ethylenic monomers having functional group and represented by the formula (1): 

CX 2 =:CX 1 -R r Y (1) 

wherein Y is -CH 2 OH, -COOH, a carboxytic salt group, a carboxyiic ester group or epoxy, X and X 1 are the same or dif- 
ferent and each is hydrogen atom or fluorine atom, R, is a divalent fluorine-containing alkylene group having 1 to 40 car- 
bon atoms or a divalent fluorine-containing alkylene group having ether bond and 1 to 40 carbon atoms, and (b) 50 to 
99.95 % by mole of at least one of fluorine-containing ethylenic monomers copolymerizable with the fluorine-containing 
ethylenic monomer (a) having functional group. The obtained fluorine-containing polymer having functional group is., 
excellent in heat resistance, weather resistance and water-repellency. 

[0031] Examples of the fluorine-containing ethylenic monomer (a) having functional group are monomers represented 
by the formula (4): 

CF 2 =CF-R f 5 -Y (4) 

wherein Y is the same as Y in the formula (1 ). R f 5 is a divalent fluorine-containing alkylene group having 1 to 40 carbon 
atoms or OR, 6 , in which R f 6 is a divalent fluorine-containing alkylene group having 1 to 40 carbon atoms or a divalent 
f luorinercontaining alkylene group having ether bond and 1 to 40 carbon atoms, the formula (5): 

CF 2 =CFCF 2 -OR f 7 -Y (5) 

wherein Y is the same as Y in the formula (1 ), R f 7 is a divalent fluorine-containing alkylene group having 1 to 39 carbon 
atoms or a divalent fluorine-containing alkylene group having ether bond and 1 to 39 carbon atoms, the formula (2): 

CH 2 =CFCF 2 -R f 1 -Y 1 (2) 

wherein Y 1 is the same as Yin the formula (1), Rf 1 is a divalent fluorine-containing alkylene group having 1 to 39 carbon . 
atoms or OR f 2 , in which R f 2 is a divalent fluorine-containing alkylene group having 1 to 39 carbon atoms or a divalent 
alkylene group having ether bond and 1 to 39 caibon atoms, the formula (6): 

CH 2 =CH-R, 8 -Y (6) 

wherein Y is the same as Y in the formula (1), R f 8 is a divalent fluorine-containing alkylene group having 1 to 40 carbon 
atoms, and the like. 

[0032] The fluorine-containing ethylenic monomers having functional group which are represented by the formulae 
(2) and (4) to (6) are preferable from the points that copolymerizabiiity with the fluorine-containing ethylenic monomer 
(b) is relatively good and that heat resistance and water-repellency of the polymer obtained by the copolymerization is 
not lowered remarkably. 

[0033] Among them, from the viewpoints of copolymerizabiiity with other fluorine-containing ethylenic monomer and 
heat resistance of the obtained polymer, the monomers represented by the formulae (2) and (4) are preferable, and the 
monomer represented by the formula (2) is particularly preferable. 

[0034] Examples of the fluorine-containing ethylenic monomer having functional group and represented by the for- 
mula (4) are: 
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CF 2 =CFOCF 2 CF 2 CH 2 OH, CF 2 =CFO(CF 2 ) 3 COOH, 
CF 2 =CFOCF 2 CF 2 COOCH 3 , 
CF 2 =CFOCF 2 CFOCF 2 CF 2 CH 2 OH, 
CF 3 

CF 2 =CFCF 2 COOH, CF 2 «CFCF 2 CH 2 OH, 
CF 2 =CFCF 2 CH 2 CHCH 2 , 
O 

and the like: 

[0035] Examples of the fluorine-containing ethylenic monomer having functional group and represented by the for- 
mula (5) are: 

CF 2 =CFCF 2 OCF 2 CF 2 CF 2 COOH, 
CF 2 =CFCF 2 OCF 2 CF 2 CF 2 CH 2 OH, 
CF 2 =CFCF 2 OCF 2 CFCOOCH 3 , 
CF 3 

CF 2 =CFCF 2 OCF 2 CFCH 2 OCH 2 OH, 
CF3 

CF 2 =CFCF 2 OCF 2 CFCH 2 OCH 2 CHCH 2 , 

CF 3 O 

and the like. 

[0036] Examples of the fluorine-containing ethylenic monomer having functional group and represented by the for- 
mula (2) are: 



CH 2 =CFCF 2 CF 2 CH 2 CH 2 OH, CH 2 =CFCF 2 CF 2 COOH, 



6 



; - i 



EP0 909 800 A1 



10 



CH 2 =CFCF 2 CF 2 CH 2 CHCH 2 , CH 2 =CF(CF 2 CF 2 t 2 - COOH, 

O 

CH 2 =CFCF 2 OCFCH 2 OH, CH 2 =CFCF 2 OCFCOOH, 

CF 3 CF 3 
CH 2 =CFCF 2 0(pFCH 2 OCH 2 CHCH 2 , 



\/ 

CF 3 O 
, 5 CH 2 =CFCF 2 OCFCOOCH 3 , 

CF 3 



so 



CH 2 =CFCF 2 OCFCF 2 OCFCH 2 OH, 
CF 3 CF 3 



and the like. 

25 [0037] Examples of the fluorine-containing ethylenic monomer having functional group and represented by the for- 
mula (6) are: 



30 



CH 2 =CHCF 2 CF 2 CH 2 CH 2 COOH, 
CH 2 =CHCP 2 CF 2 CH 2 CHCH 2 , 

O 

35 CH 2 <;HiCF^CH 2 CH 2 CH 2 OH, 

CH 2 ~CHiCF^CH 2 CH 2 COOCH 3 , 



40 and the like. 

[0038] In addition, there are 



45 



CF 3 
I 

CH 2 =CHCH 2 C-OH, 
CF 3 



50 



and the like. 

[0039] The ethylenic monomer copolymerizable with the fluorine-containing ethylenic monomer (a) having functional 
group can be optionally selected from known monomers. From the viewpoint of giving water-repellency, stain-proofing 
property, non-sticking property, sliding property, weather resistance, chemical resistance and heat resistance to the pol- 
55 ymer, the copolymerizable ethylenic monomer is selected from the fluorine-containing ethylenic monomers (b). 

[0040] Examples of the fluorine-containing ethylenic monomer (b) are tetraf luoroethylene, a monomer represented by 
the formula (3): 
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CF 2 =CF-R, 3 (3) 

wherein R f 3 is CF 3 or OR 4 , in which R f 4 is a perfluoroalkyl group having 1 to 5 carbon atoms, hexafluoropropyiene, 
chlorotrrf luoroethylene, vinylidene fluoride, vinyl fluoride, perf luoro(alkyl vinyl ethers), hexafluoroisobutene, 

5 

CH 2 =CF{CF 2 > n X 2 CH 2 =CH{CF 2 } n X 2 , 

wherein both of X 2 are selected from hydrogen atom, fluorine atom and chlorine atom, both of n are an integer of 1 to 
5, and the like. 

10 [0041 ] In addition to the fluorine-containing ethylenic monomer (a) having functional group and the fluorine-containing 
ethylenic monomer (b). an ethylenic monomer having no fluorine atom may be added in the range of not lowering water- 
repellency, heat resistance and non-sticking property. In that case, it is preferable that the ethylenic monomer having no 
fluorine atom is selected from ethylenic monomers having not more than 5 carbon atoms in order not to lower water- 
repellency and heat resistance. Examples of such an ethylenic monomer are ethylene, propylene, 1-butene, 2-butene, 

15 and the like. 

[0042] A content of the fluorine-containing ethylenic monomer (a) having functional group in the fluorine-containing 
ethylenic polymer (A) having functional group which is used in the coating composition of the present invention can be 
optionally selected depending on kinds of the metal oxide sol (B-1) in the composition and the metal oxide (B) forming 
the coating film, a proportion of the fluorine-containing polymer (A) having functional group to the metal oxide sol (B-1), 
20 a solid content, a percentage of the fluorine-containing polymer (A) having functional group in the coating film, and fur- 
ther depending on purposes and applications. The content of the fluorine-containing ethylenic monomer (a) having 
functional group is preferably from 0.05 to 50 % by mole, more preferably from 0.1 to 20 % by mole, particularly prefer- 
ably from 0.1 to 1 0 % by mole. 

[0043] When the content of the fluorine-containing ethylenic monomer (a) having functional group is less than 0.05 % 
25 by mole, dispersion stability of the coating composition becomes insufficient, the composition is precipitated and the 
coating film is tinged with white. Also interfacial adhesion between the metal oxide in the coating film and the fluorine- 
containing polymer (A) having functional group which is dispersed in the coating film becomes insufficient, and the flu- 
orine-containing polymer (A) having functional group is removed by friction, etc., and thus water-repellency is lowered. 
[0044] On the contrary when the content of the fluorine-containing ethylenic monomer (a) having functional group 
30 exceeds 50 % by mole, inherent water-repellency of the fluorine-containing polymer (A) having functional group is lost, 
its heat resistance is lowered, and when baking at high temperature, thermal decomposition, coating film defects such 
as coloring, foaming and pin hole, and lowering of water-repellency easily occur. 

[0045] Examples of the preferred fluorine-containing ethylenic polymer (A) having functional group used in the coating 
composition of the present invention are as follows. 

35 

(I) A polymer comprising 0.05 to 50 % by mole of the fluorine-containing ethylenic monomer (a) having functional 
group and 50 to 99.95 % by mole of tetraf luoroethylene. For example, there is polytetrafluoroethylene having func- 
tional group (reactive PTFE). 

(II) A polymer comprising 0.05 to 50 % by mole of the fluorine-containing ethylenic monomer (a) having functional 
40 group based on the total amount of monomers, and based on the total amount of monomers except the monomer 

(a), 85 to 99.7 % by mole of tetraf luoroethylene and 0.3 to 15 % by mole of a monomer represented by the formula 

(3): 

CF 2 =CF-R f 3 (3) 

45 

wherein R f 3 is CF 3 or OR f 4 , in which R f 4 is a perfluoroalkyl group having 1 to 5 carbon atoms. For example, there 
is a tetrafluoroethylene-perfluoro(alkyl vinyl ether) polymer having functional group (reactive PFA) or a tetraf luor- 
oethylene-hexafluoropropylene polymer having functional group (reactive FEP). 

(III) A polymer comprising 0.05 to 50 % by mole of the fluorine-containing ethylenic monomer (a) having functional 
so group based on the total amount of monomers, and based on the total amount of monomers except the monomer 

(a), 40 to 80 % by mole of tetraf luoroethylene, 20 to 60 % by mole of ethylene and 0 to 15 % by mole of other copo- 
lymerizable monomer. For example, there is an ethylene-tetraf luoroethylene polymer having functional group (reac- 
tive ETFE). 

55 [0046] Thos fluorine-containing polymers (A) having functional group have a high melting point of not less than 
200°C, and are preferable from the point that when producing a coating film which comprises the fluorine-containing 
polymer (A) having functional group and the metal oxide (B) and contains fine particles of the fluorine-containing poly- 
mer (A) having functional group in dispersed state, the polymer (A) does not melt even at baking at high temperature 
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and can be maintained in the form of fine particles in the coating film. 

[0047] The fluorine-containing ethylenic polymer (A) having functional group which can be used in the present inven- 
tion can be prepared by copolymerizing the fluorine-containing ethylenic monomer (a) having functional group and the 
ethylenic monomer (b) through known polymerization methods. Among them, radical copolymerization method is 
mainly used. Namely means for initiating the polymerization is not particularly limited if the polymerization advances 
radically. For example, the polymerization is initiated by an organic or inorganic radical polymerization initiator, heat, 
light, ionizing radiation, etc. The polymerization can be carried out by solution polymerization, bulk polymerization, sus- 
pension polymerization, emulsion polymerization, or the like. A molecular weight of the polymer (A) is regulated by a 
concentration of the monomers used in the polymerization, a concentration of the initiator, and a concentration and tem- 
perature of a chain transfer agent. Amounts of components of the prepared polymer can be regulated by amounts of 
monomers used. 

[0048] Also the present invention relates to the metal oxide coating film which comprises the matrix metal oxide (B) 
and fine particles of the fluorine-containing ethylenic polymer (A) having functional group and contains the above-men- 
tioned fine particles in dispersed state. 

[0049] The metal oxide (B) which forms a matrix in the coating film obtained in the present invention is preferably one 
which is obtained by hydrolyzing and polycondensating, for example, an organic compound or inorganic compound of 
metal as a starting material in the solvent (C) mentioned hereinafter, or the like. 

[0050] As the so-obtained metal oxide (B), there can be used various ones depending on purposes and applications. 
For example, there are oxides of metals (M) in the Periodic Table of Elements such as: 

ia group: Li, Na, 

lb group: Cu, 

Ha group: Ca, Sr, Ba, 

lib group: Zn, 

Ilia group: Y, 

II lb group: B, Al, Ga, 

IVa group: Ti, Zr, 

IVb group: Si, Ge, 

Va group: V.Ta, 

Vb group: P, Sb, 

Via group: W, 

Lanthanide group: La, Nd. 

and the like. Also there can be used metals having two or more valences, namely metal oxides (R-MO) in which an 
organic group (R) such as an alkylene group having a functional group, for example, alkyl, fluorine-containing alkyl, 
amino, epoxy, hydroxy!, etc. is directly bonded to metal (M). More concrete examples of the metal oxide (B) are men- 
tioned later. 

[0051] As the above-mentioned metal (M), various ones can be selected depending on purposes and applications. 
Paticularly preferable is metal selected from Si, Al, TT and Zr from the point of making it possible to form a transparent 
coating film having high hardness and excellent durability. 

[0052] In the present invention, a proportion (A)/(B) (volume ratio) of the fluorine-containing ethylenic polymer (A) hav- 
ing functional group to the metal oxide (B) in the coating film formed on a surface of a substrate mentioned later is pref- 
erably 1 to 85/99 to 15, particularly preferably 5 to 75/25 to 95 from the viewpoints of transparency and strength of the 
coating film. When an amount of the fluorine-containing polymer (A) having functional group is too much, transparency 
of the coating film is lowered and the coating film becomes fragile. On the contrary, when too small, excellent inherent 
characteristics of the fluorine-containing resin such as water-repellency, non-sticking property and stain-proofing prop- 
erty are lowered. 

[0053] The coating film of the present invention is a metal oxide coating film obtained by so-called sol-gel method, 
and can be formed by applying, on a substrate, the coating composition comprising fine particles of the fluorine-con- 
taining ethylenic polymer (A) having functional group, the metal oxide sol (B-1) (hydrolysate or lower molecular weight 
condensate before gelling) which is a precursor of the metal oxide (B) and the solvent (C). 
[0054] Accordingly the present invention also relates to such a coating composition. 

[0055] As the solvent (C) which can be used in the coating composition of the present invention, there are various 
solvents. From the point that a homogeneous solution of the metal oxide sol (B-1) can be prepared, there are mainly 
used the solvent selected from alcohols such as methanol, ethanol, propanol, isopropanbl, butanol and isobutanol and 
water for accelerating the hydrolyzing. 

[0056] When the metal compound insoluble in those solvents is used as a starting material for the metal oxide sol (B- 
1) (namely metal oxide coating film), ethylene glycol, ethylene oxide, triethanolamine, xylene or the like may be used. 
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Also for preventing cracking of the coating film, there may be used formamide, dimethylformamide, dioxane, oxalic acid 
and other solvents having high boiling point. 

[0057] In the coating composition of the present invention, a proportion of the fluorine-containing ethylenic polymer 
(A) having functional group, metal oxide sol (B-1) and the solvent (C) can be selected optionally depending on purposes 

s and applications. Amounts of the fluorine-containing polymer (A) having functional group and metal oxide sol (B-1) are 
preferably 1 to 85 % by weight and 1 5 to 99 % by weight, respectively based on the total amount of the polymer (A) and 
the metal oxide sol (B-1 ), more preferably 1 0 to 75 % by weight and 25 to 90 % by weight, respectively. 
[0058] Also the total amount of the fluorine-containing polymer (A) having functional group and metal oxide sot (B-1) 
in the whole composition is from 0.1 to 70 % by weight, preferably from 0.5 to 50 % by weight. 

w [0059] In the coating composition of the present invention, the fluorine-containing ethylenic polymer (A) having func- 
tional group is preferably in the form of fine particles, and after coated, is dispersed in the form of fine particles in the 
metal oxide coating film and can provide the coating film having particularly excellent abrasion resistance and water- 
repellency. 

[0060] An average particle size of fine particles of the fluorine-containing ethylenic polymer (A) having functional 
15 group is from about 0.01 um to about 1 .0 \irr\, preferably not more than 0.6 jim. In this range, particularly when trans- 
parency is required, the average particle size is preferably not more than 0.4 urn. Also when dispersion stability and 
storage stability of the coating composition and transparency of the coating film are required, the average particle size 
is most preferably not more than 0.2 um. 

[0061 ] Trie fine particles of the fluorine-containing polymer (A) having functional group are prepared by various meth- 
20 ods, and are preferably prepared by emulsion polymerization from the point that the particle size can be regulated to be 
fine and uniform. In that case, the coating composition of the present invention can be prepared by directly mixing an 
aqueous dispersion of fine particles of the fluorine-containing polymer (A) having functional group obtained by emulsion 
polymerization with a previously prepared solution of the metal oxide sol (B-1) or by hydrolyzing and poly-condensating 
the metal compound in a solvent containing an aqueous dispersion of fine particles of the fluorine-containing polymer 
25 (A) having functional group. 

[0062] To the coating composition of the present invention can be added additives, for example, a surfactant, pigment, 
dye, thickener, etc. 

[0063] The coating film of the present invention is formed by applying the coating composition (solution in the form of 
sol) containing the fine particles of the fluorine-containing ethylenic polymer (A) having functional group and metal oxide 

30 sol (B-1) on various substrates mentioned later of ceramics such as glass and pottery, metal, synthetic resin, etc. "Then 
by baking (gelling) (namely sol-gel method) the coating film, the poly-condensation of the metal oxide sol (B-1) further 
advances and the hard coating film of the metal oxide (B) having high strength is formed. The obtained coating film of 
the metal oxide contains the uniformly dispersed fluorine-containing polymer (A) in the form of particles. 
[0064] Since the fine particles of the fluorine-containing polymer (A) are uniformly distributed up to the inside of the 

35 metal oxide coating film of the present invention, even if the surface of the coating film is abraded and shaved off, excel- 
lent characteristics (water-repellency, etc.) of the fluorine-containing resin are exhibited even in the coating film and are 
not lowered. 

[0065] The mentioned baking is preferably carried out at a temperature of not more than the melting point of the flu- 
orine-containing polymer (A) in order to uniformly disperse the particles thereof in the metal oxide coating film. However 
40 when a polymer which has a high melt viscosity and is not melted (for example, PTFE, etc.) is used in the form of fine 
particles, the baking can be carried out at a temperature higher than the melting point unless the temperature exceeds 
the thermal decomposition temperature of the fluorine-containing polymer (A). 

[0066] A thickness of the metal oxide coating film of the present invention varies depending on purposes and appli- 
cations, and is from 0.01 to 100 um. 
45 [0067] Further the present invention relates to a method for producing the mentioned coating film. The coating film 
can be produced, for example, by using the aqueous dispersion containing fine particles of the fluorine-containing pol- 
ymer (A) having functional group prepared by emulsion polymerization and the metal oxide sol (B-1) obtained by hydro- 
lyzation and condensation reaction of at least one starting material selected from the group consisting of a metal 
alkoxide, metal acetylacetate, metal carboxylate, metal nitrate and metal chloride. The method comprises the steps of: 

50 

(1) preparing a coating solution by mixing the metal oxide sol (B-1) and the aqueous dispersion, 

(2) forming the coating film by applying the coating solution to a substrate, and 

(3) baking the coating film to obtain the film containing the fine particles of the fluorine-containing polymer (A) hav- 
ing functional group in dispersed state. 

55 

(Preparation of solution of metal oxide sol) 

[0068] The above-mentioned metal oxide sol (B-1) can be prepared by hydrolyzing and poly-condensating a corre- 
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spending metal alkoxide, metal acetyiacetate, metal cartoxylate. metal nitrate, metal chloride or a mixture of two or 
more thereof. 

[0069] Among them, metal alkoxide is preferred since it is highly reactive and easily forms a polymer (metal oxide) 
having metal-oxygen bond by the hydrolyzation and poly-condensation reaction. 

5 [0070] In case where no proper metal alkoxide is available, namely when synthesizing of the metal alkoxide is difficult 
or when the metal alkoxide is insoluble in commonly used solvents such as water and alcohol (for example, copper 
alkoxide, etc.), a carboxylate such as metal acetyiacetate or metal acetate, an oxylate, etc. can be used. 
[0071] Further in case where proper metal alkoxide and other organic metal compound are not available, inorganic 
metal compounds such as metal nitrate, metal chloride and metal oxide can be used. 

w [0072] The metal alkoxide is a compound represented by M(OR)n, in which M is metal, R is alkyl, n is a figure corre- 
sponding to a valence of the metal. In general, the metal M can be optionally selected depending on purposes and 
applications of a finally obtained coating film containing a corresponding metal oxide. The alkyl R can be selected 
depending on purposes in consideration of solubility and insolubility in a solvent, hydrolyzability, poly-condensation 
reactivity, etc. 

15 [0073] Examples of the metal alkoxide are, for instance, 

LiOCH 3> NaOCH 3 , Cu(OCH3) 2 , Ca(OCH 3 ) 2 , Sr(OC2H 5 ) 2 , BafOCgHgfe, Zn(OC 2 H 6 ) 2 . Y(OC 4 H 9 ) 3 , B(OCH 3 ) 3 , 
AI(OCH 3 ) 3l Al(OC2H 5 ) 3 , Alfiso-OQjHyk, AI(OC 4 H 9 ) 3 , GapC^s)* Ti(OCH 3 ) 4 , Ti(OC2H 5 ) 4 , Tiflso-OQjHyk, 
Ti(OC 4 H 9 ) 4 , Zr(OCH 3 ) 4t Zr(OC 2 H 5 ) 4 , ZitOCgH^, Zr(OC 4 H 9 ) 4 , Si(OCH 3 ) 4 , SKOCgHg)* Si(iso-OC3H 7 ) 4 , Si(t-OC 4 H 9 ) 4 , 
Qe(OC 2 H5) 4 , Pb(OC 4 H 9 ) 4 , P(OCH 3 ) 3 , SbfOCgHsfc, VO(OC 2 H 5 ) 3 , Ta(OC 3 H 7 ) 5i W(OC2H 5 ) 6 , La(OC3H 7 ) 3 , 

20 Nb(OC 2 H5) 3 , La[AI(iso-OC 3 H 7 ) 4 ] 3 , Mg^o-OC^)^, Mg[A!(sec-OC 4 H 9 ) 4 ] 2 , Ni[AI(iso-OC 3 H 7 ) 4 ] 2 , 
(CaHTO^ilAKOCaH^, Ba[Zr 2 (OC2H 5 ) 9 ] 2 , and the like. 

[0074] As the metal alkoxide, there can be used not only a compound prepared by bonding only an alkoxyl group to 
metal but also a compound obtained by substituting a part of an alkoxyl group with an alkyl group such as methyl or 
ethyl, a compound obtained by substituting a part of an alkoxyl group with a fluorine-containing alkyl group, and a com- 
25 pound obtained by substituting a part of an alkoxyl group with an alkylene group having a functional group such as 
amino, epoxy, hydroxyl or mercapto. 
[0075] Examples of those compounds are 

30 CH3Sr{-OC 2 H5)3, C2H 5 Si-fOC 2 H 5 )2, 

CFa-fCF^sCH^HsSUOCHaJa, 
CF 3 -(CF 2 ) 7 CH 2 CH 2 Si(OCH3)3, 
HaN-fCH^ Si(OCH 3 ) 3 , HO-fCH^ Si(OCH 3 ) 3 , 
CH 2 CHCH 2 0-(- CH/^ Si(OCH 3 ) 3> 

40 O 

HS-fCH2t3-Si(OCH 3 ) 3 , 



45 and the like. 

[0076] Examples of other organic metal compound are metal acetylacetates, for instance, Zr(COCH 2 CH 3 ) 4 , 
InfCOCHgCOCH^ and Zn(COCH 2 COCH 3 ) 2 , metal carboxylates, for instance, Pb(CH 3 COO) 2l Y(C 17 H 35 COO) 3 and 
Ba(HCOO) 2 , and the like. 

[0077] Examples of the inorganic metal compound are metal nitrates, for instance, Y(N0 3 ) 3 • 6H 2 0 and 
so Ni(N0 3 ) 2 • 3H 2 0, metal oxychlorides, for instance, ZrOCI 2 and AIOCI, metal chlorides, for instance, TiCI 4 , and the like. 
Also it is possible to make sol again and carry out sol-gel method by using a metal compound such as a fumed silica. 
[0078] In preparing a solution of the metal oxide sol (B-1), at first a metal compound corresponding to metal of a 
desired metal oxide is selected from the above-mentioned compounds and then dissolved in an alcoholic solvent. In 
that case, it is desirable that the metal compound is dissolved in the solvent uniformly, and it is preferable to select a 
55 metal compound which dissolves in the solvent. 

[0079] By adding water and acid or alkali as a catalyst to the solution of metal compound, hydrolyzation and poly- 
condensation occur and particles of the metal compound are generated, thus giving a solution of metal oxide sol (B-1). 
[0080] Examples of the acid which can be used generally as the catalyst are, for instance, hydrochloric acid, sulfuric 
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acid, nitric acid, acetic acid, hydrofluoric acid, etc. For the alkali as the catalyst, there can be used preferably, for exam- 
ple, an ammonia which can be removed by evaporation after the treatment. 

[0081] A reaction temperature when preparing a solution of the metal oxide sol varies depending on kind of metal, 
kind of metal compound used, degree of polymerization of a desired sol, etc. The reaction temperature is in general 
5 from room temperature to 100°C, preferably from room temperature to about 80°C. A solid content is preferably from 
0.5 to 50 % by weight. 

[0082] As the case demands, it is possible to prepare the metal oxide sol (B-1) by carrying out the hydrolyzation and 
poly-condensation slowly with moisture in the air without adding water and catalyst. (Preparation of aqueous dispersion 
of fluorine-containing polymer (A) having functional group) 
10 [0083] The fine particles of the fluorine-containing polymer (A) having functional group which are mixed with the metal 
oxide sol (B-1) can be prepared by various methods. 
[0084] For example, there are: 

(i) a method for finely pulverizing a powder of the fluorine-containing polymer (A) having functional group obtained 
15 by suspension polymerization, etc., adding the finely pulverized powder together with a surfactant, etc. into a solu- 
tion of the metal oxide sol (B-1) and then mixing uniformly (In this case, a coating solution mentioned later is gen- 
erated at the same time as in the dispersion), 

and 

(ii) a method for preparing an aqueous dispersion of the fluorine-containing polymer (A) having functional group at 
20 the same time of the polymerization by emulsion polymerization (In this Case, it is possible to mix directly with the 

solution of the metal oxide sol (B-1)). From the viewpoints of productivity and quality (making particle size smaller 
and uniform), it is preferable to prepare an aqueous dispersion by emulsion polymerization and mix the aqueous 
dispersion as it is directly with the solution of the metal oxide sol (B-1). The aqueous dispersion of fine particles of 
the fluorine-containing polymer (A) having functional group usually has 1 to 70 % by weight, preferably 5 to 50 % 
25 by weight of solid content. 

(Step for preparing coating solution) 

[0085] As the method for preparing a solution (coating solution) of the metal oxide sol (B-1) containing fine particles 
30 of the fluorine-containing polymer (A) having functional group, there can be adopted any of: (iii) a method for preparing 
a coating solution by hydrolyzing and poly-condensating a metal compound in an alcohol solution containing an aque- 
ous dispersion of fine particles of the fluorine-containing polymer (A) having functional group to form the metal oxide sol 
(B-1), and (iv) a method for preparing a coating solution by mixing an aqueous dispersion of fine particles of the fluo- 
rine-containing polymer (A) having functional group with a solution of the metal oxide sol (B-1) previously prepared by 
35 hydrolyzation and poly-condensation. 

[0086] The present inventors have found that the dispersion of fine particles of the fluorine-containing polymer (A) 
having functional group has high dispersion stability to an alcoholic solvent or other non-aqueous solvent by an effect 
of a functional group which the polymer possesses and therefore even in the step of preparing the coating solution by 
any of the above-mentioned methods, neither sedimentation nor precipitation of the fine particles occurs. Also prior to 
40 the coating, a solid content in the coating solution may be adjusted depending on a desired thickness and kind and 
shape of a substrate, and a viscosity of the coating solution may be adjusted by adding a thickener or by other method. 

(Coating step) 

45 [0087] Depending on purposes and applications, the coating solution can be applied to various substrates of not only 
glass and metal but also resin, ceramic, etc. mentioned later. 

[0088] The coating can be carried out by known methods such as dip coating, spin coating, spray coating, brush coat- 
ing and roll coating. 

50 (Baking step) 

[0089] The coating film is baked to form a film containing fine particles of the fluorine-containing polymer (A) having 
functional group in dispersed state. In usual case, prior to the baking, drying for removing water and solvent is carried 
out at a temperature of from room temperature to 100°C, preferably from room temperature to about 80°C. 
55 [0090] The baking temperature varies depending on purpose, application and kind of the fluorine-containing polymer 
(A) having functional group. The baking temperature is not less than 100°C and lower than the decomposition temper- 
ature of the fluorine-containing polymer (A), preferably not less than 150°C and lower than the melting point of the flu- 
orine-containing polymer (A) having functional group. When the baking temperature is not more than 100°C, since the 
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condensation polymerization (gelling) of the metal oxide does not advance sufficiently, crosslinking is insufficient and a 
coating film having high hardness and strength cannot be obtained. 

[0091 ] Also when the baking temperature exceeds the decomposition temperature of the fluorine-containing polymer 
(A), not only foaming and coloring occur but also excellent properties of the fluorine-containing resin such as water- 
5 repellency are lost. 

[0092] In order to disperse the fluorine-containing polymer (A) having functional group in the form of particles in the 
coating film comprising the metal oxide (B) and fine particles of the fluorine-containing polymer (A), it is preferable to 
carry out the baking at a temperature of not more than the melting point of the fluorine-containing polymer (A). However 
in case where fine particles of a polymer which has a high melt viscosity and is not melted (for example, PTFE, etc.) are 
10 used, the baking can be carried out even at a temperature of not less than the melting point unless the temperature 
exceeds the decomposition temperature of the fluorine-containing polymer (A). 

[0093] In the coating composition of the present invention comprising fine particles of the fluorine-containing polymer 
(A) having functional group, metal oxide (B) and solvent (C), since the fine particles have water-repellency, stain-proof- 
ing property, non-sticking property, sliding property, weather resistance and heat resistance, a multi-functional coating 
75 composition can be obtained, and further by coating the composition on a substrate and then baking, a coating film 
excellent particularly in water-repellency, stain-proofing property, non-sticking property, sliding property, weather resist- 
ance and heat resistance can be formed on the substrate. 

[0094] Examples of the preferred fine particles of the fluorine-containing polymer (A) having functional group are in 
general those of a polymer, in which a contact angle of water of the fluorine-containing polymer (A) itself is not less than 

20 80 degrees, particularly not less than 95 degrees. Also a fluorine-containing polymer which is neither thermally decom- 
posed nor melted in the baking step at high temperature is preferable in order to maintain the form of fine particles of 
the fluorine-containing polymer (A) in the coating film comprising the metal oxide (B) and fine particles of the fluorine- 
containing polymer (A). Particularly a polymer having a melting point of not less than 150°C, preferably not less than 
200°C, particularly preferably not less than 250°C is used. 

25 [0095] Examples of the particularly preferable fluorine-containing polymer (A) giving a coating film excellent in water- 
repellency, stain-proofing property, non-sticking property, sliding property, weather resistance and heat resistance are 
the above-mentioned polymers (I), (II), (III) and the like. 

[0096] Also it is particularly preferable that a content of the fluorine-containing ethylenic monomer (a) having func- 
tional group in those fluorine-containing polymers (A) is from 0. 1 to 1 0 % by mole. 
30 [0097] In the present invention, since the coating film has water-repellency, stain-proofing property, non-sticking prop- 
erty, sliding property, weather resistance and heat resistance, a multi-functional composite material comprising the 
coating film and a substrate can be obtained. Therefore the present invention relates to such a multi-functional compos- 
ite material. 

[0098] Examples of the substrate on which the coating film of the present invention can be formed are a metallic sub- 
35 strate. non-metallic inorganic substrate, synthetic resin substrate, and the like. 

[0099] Metals of the metallic substrate encompass metal, alloys of two or more metals, metal oxide, metal hydroxide, 
metal salts such as carbonate and sulfate, etc. Among them, metal, metal oxide and alloys are more preferable from 
the viewpoint of adhesive property. 

[01 00] Examples of the metallic substrate are metals and metal compounds of aluminum, iron, nickel, titanium, molyb- 
40 denum, magnesium, manganese, copper, silver, lead, tin, chromium, beryllium, tungsten and cobalt, alloys of two or 
more thereof, etc. 

[0101] Examples of the alloys are alloy steels such as carbon steel, Ni steel, Cr steel, Ni-Cr steel, Cr-Mo steel, stain- 
less steel, silicon steel and Permalloy; aluminum alloys such as AI-CI, AI-Mg, Al-Si, Al-Cu-Ni-Mg and Al-Si-Cu-Ni-Mg; 
copper alloys such as brass, bronze, silicon bronze, silicon brass, nickel silver and nickel bronze; nickel alloys such as 
\ 45 nickel manganese (D nickel), nickel-aluminum (Z nickel), nickel-silicon, Monel metal, Constarttan, nichrome Inconel and 
Hastelloy; and the like. 

[0102] Further as the aluminum-based metal, there can be used pure aluminum; aluminum oxide; and aluminum 
alloys for casting and expanding such as Al-Cu, Al-Si, AI-Mg, Al-Cu-Ni-Mg, Al-Si-Cu-Ni-Mg alloys, high tensile alumi- 
num alloy and corrosion resistant aluminum alloy. 
so [0103] Also as the iron-based metals, there can be used pure iron, iron oxide, carbon steel, Ni steel, Cr steel, Ni-Cr 
steel, Cr-Mo steel, Ni-Cr-Mo steel, stainless steel, silicon steel, Permalloy, non-magnetic steel, magnet steel, cast steel, 
etc. 

[0104] Also the coating composition of the present invention can be adhered to a substrate which was subjected to, 
for the purpose of preventing corrosion of metal, coating of other metal by electroplating, hot dipping, chromatizing, sil- 
55 iconizing, colorizing, sheradizing, metal spraying, etc.; forming a phosphate film by phosphatization; forming metal 
oxide by anodizing or heat-oxidizing; or electrochemical corrosion prevention. 

[0105] Further for the purpose of enhancing adhesion to a coating film, the surface of metallic substrate may be sub- 
jected to chemical preparation with a phosphoric acid, sulfuric acid, chromic acid, oxalic acid, etc., or may be subjected 
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to surface roughening by sand blasting, shot blasting, grit blasting, honing, paper scratching, wire scratching, hair line 
finishing, etc. For the purpose of exhibiting clear surface pattern of the substrate, the metal surface may be subjected 
to coloring, printing, etching, etc. 

[0106] In case of the above-mentioned aluminum or aluminum alloy substrate, in order to enhance corrosion resist- 
5 ance, surface hardness and adhesive property of the substrate, it is possible to form an oxide film (alumite) on the sub- 
strate by anodizing with caustic soda, oxalic acid, sulfuric acid or chromic acid and also use the aluminum or aluminum 
alloy substrate subjected to other surface treatments mentioned above. 

[0107] Further there may be used a substrate plated, on its surface, other metal as mentioned above, for example, 

steel plate subjected to hot-dip zinc-plating, hot-dip zinc alloy plating, aluminum plating, zinc-nickel plating, zinc-alumi- 
w num plating, or the like; a substrate coated with other metal by diffusion coating or thermal spraying; a substrate, on 

which an oxide film is formed by chemical conversion treatment with chromic acid or phosphoric acid or heat-treatment; 

a substrate subjected to electric corrosion preventing treatment (for example, galvanized steel plate); or the like. 

[0108] Examples of the non-metallic inorganic substrate are, for instance, glass, pottery, porcelain, etc. 

[0109] Components of glass are not particularly limited. Examples are silica glass, lead glass, alkali glass, non-alkali 
75 glass, etc. 

[0110] Examples of the synthetic resin substrate are, for instance, an acrylic resin, polycarbonate, artificial marble, 
heat resistant engineering plastic, thermosetting resin, etc. 

[01 1 1 ] The above-mentioned substrate in the present invention may be in the form of sheet, film, tube, pipe, plate or 
bar or in the other irregular form. However it is preferable that the form of the substrate is the same as or similar to a 

20 form of a finished product from the viewpoint of processability. 

[01 12] The multi-functional composite material of the present invention obtained in the above-mentioned manner can 
be used as various multi-functional composite materials depending on applications and composite materials for specific 
products in various fields since it has not only water-repellency but also excellent stain-proofing property, non-sticking 
property, sliding property, weather resistance and heat resistance and further since fine particles of the f luorine-contain- 

25 ing ethylenic polymer (A) having functional group are uniformly dispersed in the coating film comprising the matrix metal 
oxide (B) because of their excellent interfacial adhesion and the coating film has enough hardness, transparency and 
adhesive property. Explained hereinafter are embodiments of the multi-functional composite materials of the present 
invention, but the present invention is not limited to them. 

30 EMBODIMENT 1 (Water-repellent composite material) 

[01 1 3] Cooking apparatuses and tablewares which are used in a watery place, for example, in a kitchen and get wet 
at the time of washing have been hitherto required to have water-repellency so as to be easily dried, namely use of 
water-repellent material has been required. Also in the field of automobiles, use of water-repellent material on a wind- 
35 shield and fender mirror of cars has been required in order to repel rain water and make field of view good in rainy days. 
[01 14] Most generally available water-repellent materials are fluorine-containing materials, particularly fluorine-con- 
taining resins which are actually used. 

[01 1 5] However the above-mentioned fluorine-containing resins have substantive problem that due to their excellent 
non-sticking property, adhesion to a substrate such as metal or glass is not sufficient. 

40 [0116] In order to comply with such requirements, for a composite material used, for example, for cooking appara- 
tuses, etc., a fluorine-containing polymer which is excellent in heat resistance, chemical resistance, corrosion resist- 
ance, weather resistance, surface properties (non-sticking property and low friction property) and electric insulating 
property has been used. Such a composite material is used on a heating surface of cooking apparatuses such as rice 
cooker or electric griddle. However the fluorine-containing polymer has insufficient adhesion to metal surface due to its 

45 excellent non-sticking property. Therefore it is necessary to (1) use an adhesive or (2) carry out, on a surface of a sub- 
strate, sand-blasting or etching by electrochemical method to make the surface rough for adhering by anchor effect. 
[0117] However it is not possible to make the best use of transparency of a glass substrate and color tone such as 
meta| gloss of a metal substrate and thus there is a problem with property for exhibiting clear surface pattern of a sub- 
strate since in the method using an adhesive like the method (1), no transparent adhesive having heat resistance and 

so high adhesive property is available and also since in the method for making the substrate surface rough like the method 
(2), the substrate surface is made rough significantly. Further even if a transparent adhesive is developed, since a fluo- 
rine-containing polymer composing a coating film on a heating surface of cooking appliances, etc. is soft, the coating 
film on the heating surface is injured, for example, due to a long term use or by cleaning with a spatula or brush, and 
thus lowering transparency and making surface pattern of a substrate unclear. Also for example, due to abrasion of a 

55 windshield by a wiper, etc., inherent non-sticking property and water-repellency of a fluorine-containing polymer are 
lowered. 

[01 18] To solve those problems, there have been made attempts to endow the coating film comprising a fluorine-con- 
taining polymer with hardness by adding a glassy or aluminum-based inorganic filler. However there were problems that 
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the coating film becomes fragile, transparency is lowered, surface pattern of a substrate becomes unclear and even 
water-repellency itself is lowered. 

[0119] To cope with these problems, the proposals mentioned above have been made (in JP-A-4-124047, JP-A-4- 
325446, JP-A-5-24885, JP-A-4-359086, J P-A-5- 170486, JP-A-5-213633. JP-A-5-51238. JP-A-6-329442, JP-A-6- 
5 340451, JP-A-7-102207, JP-A-7-157335). 

[0120] However as mentioned above, even by these conventional sol-gel methods, water-repellent coating films hav- 
ing excellent non-sticking property, abrasion resistance, heat resistance, oil-repellency and scratch resistance have not 
been obtained. 

[0121] The water-repellent composite material obtained by applying the coating composition of the present invention 
10 to the substrate can be used on various articles, equipment, appliances, building materials, etc. firstly because excellent 
water-repellency can be maintained for a long period of time, secondly because fine particles of the fluorine-containing 
ethylenic polymer (A) having functional group are dispersed uniformly in the coating film comprising the metal oxide (B) 
because of their good interfacial adhesion and the coating film has enough hardness, transparency and adhesive prop- 
erty, and thirdly because the coating film comprising the fluorine-containing ethylenic polymer (A) having functional 
is group and the metal oxide (B) has good heat resistance, abrasion resistance, scratch resistance, non-sticking property, 
water-repellency and anti-bacterial property. 

[0122] The present invention can provide the water-repellent composite material comprising a substrate and, on a 
surface of the substrate, a coating film which comprises the metal oxide (B) and fine particles of the fluorine-containing 
ethylenic polymer (A) having functional group and prepared by copolymerizing: 

20 

(a) 0.05 to 50 % by mole of at least one of fluorine-containing ethylenic monomers having at least one functional 
group selected from the group consisting of hydroxyl. carboxyl, a carboxylic salt group, a carboxylic ester group and 
epoxy, and 

(b) 50 to 99.95 % by mole of a fluorine-containing ethylenic monomer having no functional group mentioned above; 
25 the fine particles of the polymer (A) is dispersed in the metal oxide (B) layer. 



[0123] Also the present invention can provide the water-repellent composite material, in which the above-mentioned 
fluorine-containing ethylenic monomer (a) having functional group is at least one of fluorine-containing ethylenic mon- 
omers having functional group and represented by the formula (1 ) : 

30 

CX 2 =CX 1 -R r Y (1) 

wherein Y is -CH 2 OH, -COOH, a carboxylic salt group, a carboxylic ester group or epoxy, X and X 1 are the same or dif- 
ferent and each is hydrogen atom or fluorine atom, R f is a divalent fluorine-containing alkyiene group having 1 to 40 car- 
35 bon atoms, a fluorine-containing oxyalkylene group having 1 to 40 carbon atoms, a fluorine-containing alkyiene group 
having ether group and 1 to 40 carbon atoms or a fluorine-containing oxyalkylene group having ether bond and 1 to 40 
carbon atoms. 

[0124] Also the present invention can provide the water-repellent composite material, in which the above-mentioned 
fluorine^containing polymer (A) having functional group is the polymer (I). 
40 [0125] Also the present invention can provide the water-repellent composite material, in which the above-mentioned 
fluorine-containing polymer (A) having functional group is the polymer (II). 

[0126] Also the present invention can provide the water-repellent composite material, in which the above-mentioned 
fluorine-containing polymer (A) having functional group is the polymer (III). 

[0127] Also the present invention can provide the water-repellent composite material, in which the above-mentioned 
45 metal oxide (B) is a silicon oxide. 

[0128] Also the present invention can provide the water-repellent composite material, in which the above-mentioned 
metal oxide (B) is an aluminum oxide. 

[0129] Also the present invention can provide the water-repellent composite material, in which the above-mentioned 
metal oxide (B) is a titanium oxide. 
so [01 30] Also the present invention can provide the water-repellent composite material, in which the above-mentioned 
substrate is a metallic substrate. 

[0131] Also the present invention can provide the water-repellent composite material, in which the above-mentioned 
substrate is a non-metallic inorganic substrate. 

[0132] Also the present invention can provide the water-repellent composite material, in which the above-mentioned 
55 substrate is a glass substrate. 

[0133] Also the present invention can provide the water-repellent composite material, in which the above-mentioned 
substrate is a concrete substrate. 

[0134] Also the present invention can provide the water-repellent composite material, in which the above-mentioned 



15 



EP0909800A1 

substrate is a cement substrate. 

[0135J Also the present invention can provide the water-repellent composite material, in which the above-mentioned 
substrate is a tile substrate. 

[0136] Also the present invention can provide the water-repellent composite material, in which the above-mentioned 
5 substrate is a ceramic substrate. 

[01 37] Also the present invention can provide the water-repellent composite material, in which the above-mentioned 
substrate is a synthetic resin substrate. 

[01 38] Also the present invention can provide glass for cars produced by using the water-repellent composite material . 
[01 39] In principle the above-mentioned descriptions regarding the coating composition, coating film and methods for 
10 production thereof are applied to the water-repellent composite material of the present invention. Explained below are 
particularly preferable embodiments thereof. 

[01 40] Examples of the substrate usually used for the water-repellent composite material of the present invention are 
metallic plates of aluminum, stainless steel, iron and titanium; metallic plates subjected to hot-dip zinc coating, alumi- 
num plating, etc. ; metallic plates subjected to chemical conversion treatment such as oxidation with chromic acid, phos- 

rs phoric acid, etc.; alumite-treated metallic plates subjected to anodizing; and the like. 

[0141] Examples of the non-metallic inorganic substrate used usually are glass substrates such as crystallized glass, 
foam glass, heat reflecting glass, heat absorbing glass and multi-layered glass; ceramic substrates such as tile, large 
size pottery plate, ceramic panel and brick; natural stones such as granite and marble; concrete substrates such as high 
strength concrete, glass fiber-reinforced concrete (GRC), carbon fiber-reinforced concrete (CFRC), lightweight aerated 

20 concrete (ALC) and composite ALC; cement substrates such as extrusion molded cement and composite molded 
cement; asbestos slate; enamelled steel plate; and the like. 

[0142] Further examples of the synthetic resin substrate used are polycarbonate, polyester resin, acrylic resin, vinyl 
chloride resin, artificial marble (mainly comprising unsaturated polyester resin or acrylic resin), steel plates coated with 
vinyl chloride resin, acrylic resin or urethane resin, and the like. 
25 [0143] Among them, where transparency is required, the non-metallic inorganic substrate of glass and the synthetic 
resin substrates of acrylic resin and polycarbonate, etc. are usually used. 

[0144] A thickness of the metal oxide coating film of the above-mentioned water-repellent composite material varies 
depending on kind and portion of appliances and utensils to which the film is applied. The thickness is from 0.01 to 100 
urn, preferably from 0.01 to 50 jim, particularly preferably from 0.02 to 20 jim. 
30 [0145] Appliances, utensils, building materials and portions thereof where the water-repellent composite material of 
the present invention can be used suitably are raised and classified below by the fields applied, but are not limited to 
them. 

[1] Cooking apparatuses and utensils (including tablewares) 

35 

[0146] Cooking apparatuses and utensils require particularly water-repellency. Raised below are non-restricted typi- 
cal examples thereof. 

<D Pot 

40 

(a) Inner surface, inner lid, etc. of electric pots including electric water heater 

[0147] In these applications, water-repellency, non-sticking property (stain-proofing property for fur), hot water resist- 
ance and anti-bacterial property of the water-repellent composite material of the present invention can be used partic- 
45 ularly effectively. 

(b) Inner surface of inner pot, inner lid, etc. of gas and electric rice cooker and rice cooker with rice washing mechanism, 
etc. 

so [0148] In these applications, water-repellency, non-sticking property (for rice and scorching), stain-proofing property 
and heat resistance of the water-repellent composite material of the present invention can be used particularly effec- 
tively. Further it is possible to inhibit lowering of the characteristics due to abrasion, scratch, etc. of the coating film when 
cleaning with brush, etc. 

55 
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0 Cooking apparatuses 

(a) Surfaces of frying pan, vat, household hand mixer for cooking, crate, kitchen knife, molder for bread, reverse sheet 
for bread, dough dividing and rounding machine for making bread, etc., inner surfaces of mixing bowl, rice chest, etc. 
and blade of the above-mentioned mixer 

[0149] In these applications, water-repellency, non-sticking property (scorching and cohering stains), stain-proofing 
property and heat resistance of the water-repellent composite material of the present invention can be used particularly 
effectively. Further it is possible to inhibit lowering of the characteristics due to abrasion, scratch, etc. of the coating film 
by metal spatula, etc. 

(b) Inner surface, blade, etc. of electric food processors such as electric food crusher for domestic use, electric food 
crusher, electric meat grinder for kitchen use, electric blender for kitchen use and electric mixer for kitchen use 

[0150] In these applications, water-repellency, non-sticking property (for vegetable and meat juice) and stain-proofing 
property of the water-repellent composite material of the present invention can be used particularly effectively. 

© Gas ovens with grill 

(a) Top plate, side plate and surface of gas heaters such as gas container built-in type gas oven, surface of drip pan 
cover thereof, etc. 

[01 51 ] In these applications, water-repellency, non-sticking property (for oil stains), heat resistance and transparency 
(property for exhibiting clear surface color and pattern) of the water-repellent composite material of the present inven- 
tion can be used particularly effectively. Further it is possible to inhibit lowering of the characteristics due to abrasion, 
scratch, etc. of the coating film by cleaning with brush, etc. 

® Ranges with oven including toaster, range, etc. 

(a) Inner surfaces (metallic portion) of ovens (range for kitchen use) such as oven for shop use, electric oven (including 
oven for shop use), electric oven with heating cabinet for shop use, cooking oven for shop use and cooking range for 
shop use; ovens for making bread such as baking oven for shop use and automatic baking appliance for domestic use; 
electric oven and toaster such as toaster and toaster for bread; microwave range such as microwave range for shop use 
and microwave range with oven; and pans for ranges 

[0152] In these applications, water-repellency, non-sticking property (for oil and scorching), stain-proofing property 
and heat resistance of the water-repellent composite material of the present invention can be used particularly effec- 
tively. Further it is possible to inhibit abrasion and scratch of the coating film by spatula, brush, etc. 

(b) Inner surface of doors of ranges with oven raised in above (a) 

[0153] In these applications, water-repellency, non-sticking property, heat resistance and transparency of the water- 
repellent composite materia! of the present invention can be used particularly effectively. In case of a microwave range, 
energy ray resistance can be used particularly effectively. 

<g) Pots and pans 

(a) Inner surface of pots and pans such as glass pot, enamel pot, aluminum pot, electric frying pot, electric Tempura 
pot, electric pressure pot and electric pressure pot for stew, etc. 

[0154] In these applications, water-repellency, non-sticking property (for scorching, cohering stains and oil in case of 
the frying pot and Tempura pot) and heat resistance of the water-repellent composite material of the present invention 
can be used particularly effectively. Further it is possible to inhibit abrasion and scratch of the coating film by spatula, 
brush, etc. 

(b) Lids of pots and pans raised in above (a) 

[01 55] In these applications, not only the characteristics in above (a) but also transparency of the water-repellent com- 
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posite material of the present invention can be used particularly effectively. 
© Garbage disposer 

[0156] Inner surface, etc. of garbage treating machines such as garbage disposer for domestic use and garbage 
(waste) disposer for making compost 

[01 57] In these applications, water-repellency, non-sticking property and stain-proofing property of the water-repellent 
composite material of the present invention can be used particularly effectively. 

(2) Other heating apparatuses for cooking 

(a) Heating surface, lid, etc. of griddle 

[0158] In these applications, water-repellency, non-sticking property (for scorching and cohering stains) and heat 
resistance of the water-repellent composite material of the present invention and transparency in case of the lid can be 
used particularly effectively. Further it is possible to inhibit lowering of the characteristics and appearance due to abra- 
sion and scratch of the coating film by metal spatula, etc. 

(b) Cooking surface, etc. of electromagnetic cooking apparatuses such as electromagnetic range and oven 

[01 59] In these applications, water-repellency, non-sticking property, heat resistance and transparency of the water- 
repellent composite material of the present invention can be used particularly effectively, and it is possible to inhibit 
abrasion and scratch of the coating film by brush, etc. 

(c) Inner surface, door inside, lid, etc. of electric steamer such as food steamer for shop use 

[0160] In these applications, water-repellency, non-sticking property, stain-proofing property, heat resistance and 
steam resistance of the water-repellent composite material of the present invention can be used particularly effectively, 
and it is possible to inhibit abrasion and scratch of the coating film by brush, etc. 

(d) Inner surface, lid, etc. of noodle boiler for shop use 

[0161] In these applications, water-repellency, non-sticking property, stain-proofing property, heat resistance and hot 
water resistance of the water-repellent composite material of the present invention can be used particularly effectively, 
and it is possible to inhibit abrasion and scratch of the coating film by brush, etc. 

(e) Inner surface, inner surface (metallic portion) and door inner surface of cooking roaster for shop use, pan for range, 
etc. 

[0162] In these applications, water-repellency, non-sticking property (for scorching and cohering stains) and heat 
resistance of the water-repellent composite material of the present invention can be used particularly effectively, and it 
is possible to inhibit abrasion and scratch of the coating film by brush, etc. 

(f) Inner surface, etc. of tableware and can washer for shop use 

[01 63] In these applications, water-repellency, non-sticking property, stain-proofing property and hot water resistance 
of the water-repellent composite material of the present invention can be used particularly effectively. 

(g) Inner surface, door inner surface, etc. of heating cabinet for shop use 

[0164] In these applications, water-repellency, non-sticking property, stain-proofing properly, transparency and heat 
resistance of the water-repellent composite material of the present invention can be used particularly effectively. 
[0165] Further examples of cooking apparatuses other than those mentioned above, to which the water-repellent 
composite material of the present invention can be preferably applied are as follows. 

[0166] Examples of cooking apparatuses within the range of above ® (b) are rice gruel cooker, rice warmer, etc. 
[0167] Examples of cooking apparatuses within the range of above @ (a) are various cooking utensils (for slicing), 
cooking utensils, cooking appliance, cooking machine (for food, etc.), iron plate for cooking, cooking appliances and 
facilities, barbecue utensils, food processing machine (with press machine, etc.), chocolate manufacturing machine and 
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ancillary temperature adjusting equipment thereof for starting material, etc. 

[0168] Examples of cooking appliances within the range of above® (b) are cooking appliance for mixing, vegetable 
slicer, food slicer, peeler, machine for cutting into cubes, food cutler, meat chopper, meat slicer, meat tenderizer, cutter 
mixer, mixer, food mixer, blender, apple processor, continuous egg opening machine, soy bean curd cutter, food molder, 
5 bread crumb coating machine, vegetable washer, etc. 

[01 69] Examples of cooking apparatuses within the range of above® are range, portable heater, electric range, gas 
range, gas oven with grill, electric oven with grill, etc. 

[0170] Examples of cooking apparatuses within the range of above @ are gas salamander, electric salamander, con- 
vention oven, baking oven for making bread, etc. 
10 [0171] Examples of cooking apparatuses within the range of above © are wok set for Chinese dishes, one-handed 
pot, double-handed pot, gas fryer, Tempura fryer, oil filter unit, buckwheat pot. rotary pot, etc. 
[0172] Examples of cooking apparatuses within the range of above ® are fryer for dumpling stuffed with minced 
meat, electromagnetic range, gas steamer, electric steamer, etc. 

15 [2] Building material 

[0173] Building materials also require water-repellency. Mentioned below are examples of building materials and 
effects exhibited in addition to water-repellency. 

20 ® Building glass 

[0174] Building glass, polished flat glass for building (window glass), window of stained glass, windshield glass, light 
shielding ratio adjustable glass, etc. 

[0175] In these applications, transparency, scatter preventing property, stain-proofing property and flame retardancy 
25 of the water-repellent composite material of the present invention can be exhibited particularly effectively. 

® Outer wall material, roofing material and interior and exterior material (made of metal) 

[0176] 

30 

(a) Exterior metallic building material for wall, metallic building material, interior and exterior metallic panel for build- 
ing, metallic fence, metallic tile, metallic panel for building, etc. 

(b) Metallic roofing material, solar system built-in roofing material, etc. 

(c) Metallic door, metallic grating, metallic shutter, metallic fence, metallic porch (for building), etc. 
35 (d) Metallic blind (for outdoor use), gutter, sash, rain door, etc. 

(e) Metallic ceiling panel, metallic floor tile, metallic wall panel coated with decorative vinyl chloride sheet, etc. 

(f) Metallic parking facilities for cars, metallic object of art, etc. 

[0177] In these applications, weather resistance, stain-proofing property and transparency (property for exhibiting 
40 clear surface pattern) of the water-repellent composite material of the present invention can be used particularly effec- 
tively. 

® Outer wall material, roofing material and interior and exterior material (non-metallic inorganic material) 
45 [0178] 

(a) Segmental concrete block or concrete block bonded with a tile or sliced natural stone, segmental concrete road 
pavement board or concrete road pavement board having a surface of rubber material, concrete board which may 
be reinforced with GRC (fiber-reinforced concrete) wall material 
so (b) Extrusion-molded cement such as cement having tile-like surface 

(c) Building stone such as artificial stone 

(d) Building tile, luster-finished tile, floor tile, ceramic tile and border tile made of pottery 

(e) Exterior materials for building and for wall such as non-metallic exterior material for building, building material, 
building panel and wall tile for building 

55 (f) Roofing material such as solar system built-in roofing material made of ceramic 

(g) Gravestone and grave-post 

(h) Small sculpture, standing sculpture, image, bust and other object of art made of stone, concrete or marble 
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[01 79] In these applications, weather resistance, stain-proofing property, water-proof property, transparency (property 
for exhibiting clear surface pattern), processability and adhesive property of the water-repellent composite material of 
the present invention, abrasion resistance thereof in case of above (c) and weathering preventing property thereof in 
cases of (g) and (h) can be used particularly effectively. 

5 ■ 

@ Outer wall material, roofing material and interior and exterior material (resinous) 
[0180] 

10 (a) Floor panel, ceiling panel, etc. 

(b) Grating, gutter, blind and door including those for indoor use, etc. 

(c) Plastic panel for concrete 

(d) Gasket for building 

(e) Curtain, cover and sunshield with an insect-proofing, ultraviolet ray and heat shielding and scatter preventing 
is film 

(f) Flooring material made of stone or flooring material made of polyvinyl chloride and having a surface of stone pat- 
tern 

(g) Solar system built-in plastic roofing material 

(h) Sectional polyvinyl chloride tile having clearance and being capable of draining water 
20 (i) Synthetic resin sash 

(j) Decorative board for counter, furniture, sill, wall panel, bucksplash. baseboard, walls of bathroom and shower 
room, etc. 

(k) Prefabricated assembly set for washstand, shower room, lavatory, transferable toilet, public toilet, etc. 
(I) Prefabricated assembly set for sauna room, garage, etc. 

25 

[0181 ] In these applications, weather resistance, stain-proofing property, transparency (property for exhibiting clear 
surface pattern), water resistance, processability and adhesive property of the water-repellent composite material of the 
present invention can be used particularly effectively. 

30 <§) Outer wall material and roofing material (made of wood) 

[0182] 

(a) Timber for household utensils, wooden board and decorative board for building such as veneer and wooden 
35 panel, etc. 

(b) Wooden fence, interior door and window frame, etc. 

(c) Wooden panel for building produced by adhering elastic rubber material on the back of plywood 

(d) Wooden assembly set for building 

40 [0183] In these applications, weather resistance, stain-proofing property, transparency (property for exhibiting clear 
surface pattern), water resistance, processability and adhesive property of the water-repellent composite material of the 
present invention can be used particularly effectively. 

® Furniture 

45 

[0184] 

(a) Glass showcase, wagon, display wagon, display panel, display stand, meal conveying wagon, flower stand, etc. 

(b) Shelf, screen, desk, sofa, shelf for chest of drawers, etc. 
so (c) Telephone booth made of metal or various materials 

[01 85] In these applications, stain-proofing property, transparency (property for exhibiting clear surface pattern), water 
resistance and processability of the water-repellent composite material of the present invention and further property for 
preventing paper from being pasted, adhesive property and abrasion resistance thereof in case of above (c) can be 
55 used particularly effectively. 
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@ Apparatuses for household and shop uses 
[0186] 

(a) Gas oven with grill, range hood, ventilation hood, etc. 

(b) Metallic duct for central heating, ventilator, air conditioner, etc. 

[01 87] In these applications, stain-proofing property, processability and adhesive property of the water-repell ent com- 
posite material of the present invention can be used particularly effectively. 

(§) Housing apparatuses and facilities 

[0188] 

(a) Coordinated kitchen units including range for kitchen (oven), sink, etc. 

(b) Electrically heated, gas heated and oil heated water heaters (including instantaneous water heater) 

(c) Wall-mounted washbasin, washstand. hair washing appliance for domestic use. washstand with hair washing 
function, washbasin for washstand, washbasin with cover, bow window type washstand, etc. 

(d) Flush toilet stool, small size chamber pot for car, urinal, toilet stool with urinalyzer, toilet stool for little children, 
toilet stool with hot water washing function, toilet seat with deodorizing unit and water tank for flush toilet 

In these applications, stain-proofing property, property for exhibiting clear surface pattern (transparency), proc- 
essability, abrasion resistance and anti-bacterial property of the water-repellent composite material of the present 
invention can be used particularly effectively. 

(e) Lining for bathrooms including shower room, sauna bath for domestic and shop uses, bath tubs such as prefab- 
ricated bath tub and bath tub with bubble generator and bath utensils such as handle mounted on bath tub and 
soap holder 

(f) Escalator, elevator (including those for private houses), etc. 

[0189] In these applications, stain-proofing property, property for exhibiting clear surface pattern (transparency) and 
processability of the water-repellent composite material of the present invention and further heat resistance thereof in 
case of above (a), (b) and (e), abrasion resistance thereof in case of above (c) to (e) and sliding property and corrosion 
resistance thereof in case of above (f) can be used particularly effectively. 

(D Construction 

[0190] 

(a) Sign for bus stop, sign for street, sign mounted on guardrail, etc. 

(b) Signals such as luminous signal and mechanical signal 

(c) Guardrail produced by using various materials 

(d) Utility pole produced by using various materials 

(e) Sound-proof wall 

(f) Plastic molding panel for concrete for building and construction 

[0191] In these applications, weather resistance, stain-proofing property, transparency, processability and adhesive 
property of the water-repellent composite material of the present invention and further mold-release property thereof in 
case of above (f) can be used particularly effectively. 

[3] Cars 

[0192] There are many parts of car which require water-repellency against rain water and water used for washing. 
Exemplified below are parts for car which require water-repellency, and other characteristics to be exhibited in addition 
to water repellency are also referred to. The present invention also relates to these parts and cars. 
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® Glass for car 
[0193] 

Application: Windshield glass, window glass, glass for sunroof, glass with heating coil, etc. 

Substrate: Glass and polycarbonate 

Fluorine-containing polymer having functional group: I, II, III 

Applying method: Coating 

[0194] In these applications, transparency, stain-proofing property, resistance to abrasion and scratch by a wiper, etc. 
and weather resistance of the water-repellent composite material of the present invention can be used particularly 
effectively. 

© Mirror for car 

[0195] 

Application: Rearview mirror, room mirror, door mirror, etc. 
Substrate: Mirror and glass 

Fluorine-containing polymer having functional group: I, II, III 
Applying method: Coating 

[01 96] In these applications, transparency, stain-proofing property, scratch resistance, etc. of the water-repellent com- 
posite material of the present invention can be used particularly effectively. 

@ Car body 

[0197] 

Application: Side body, hood, roof plate, fender, spoiler, bumper, etc. 

Substrate: Steel sheet, surfaces coated with acrylic resin, etc., polypropylene (PP), urethane, and polyester 
Fluorine-containing polymer having functional group: I, II, III 
Applying method: Coating 

[0198] In these applications, transparency, stain-proofing property, abrasion resistance, scratch resistance, etc. of the 
water-repellent composite material of the present invention can be used particularly effectively. 

@ Light and cover for light 

[0199] 

Application: Cover, lamp, etc. for headlight, turn signal, brake light, taillight, fog lamp and backup light 

Substrate: Glass and polycarbonate 

Fluorine-containing polymer having functional group: I, II, ill 

Applying method: Coating 

[0200] In these applications, transparency, stain-proofing property, scratch resistance, etc. of the water-repellent com- 
posite material of the present invention can be used particularly effectively. 

[4] Others 

® Glass for train 

[0201] 

Application: Outer surface of window glass 
Substrate: Glass 

Fluorine-containing polymer having functional group: I, II, III 
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Applying method: Coating 

[0202] In these applications, transparency, stain-proofing property, etc. of the water-repellent composite material of 
the present invention can be used particularly effectively. 

© Insulator and pantograph 

[0203] 

Application: Surface 
Substrate: Pottery 

Fluorine-containing polymer having functional group: I, II, III 
Applying method: Coating 

[0204] In these applications, water repellency, stain-proofing property, scratch resistance, insulating property, etc. of 
the water-repellent composite material of the present invention can be used particularly effectively 

® Bulb, bulb cover material (particularly for exterior use) 

[0205] 

Application: Bulb surface, cover surface and shade surface 
Substrate: Glass, PP and polycarbonate 
Fluorine-containing polymer having functional group: I, If, III 
Applying method: Coating 

[0206] In these applications, water-repellency. stain-proofing property, scratch resistance, insulating property, etc. of 
the water-repellent composite material of the present invention can be used particularly effectively. 
[0207] Among the water-repellent composite materials, by applying the coating composition particularly to glass, a 
water-repellent glass having high hardness and transparency can be obtained. Water-repellent glass which is produced 
by applying, to glass, the water-repellent coating composition of the present invention comprising the water-repellent 
fine particles of the fluorine-containing polymer (A) having functional group and the metal oxide (B) and has a coating 
film containing the dispersed water-repellent fine particles therein, is excellent particularly in transparency and abrasion 
resistance. For example, when the water-repellent glass is used as a windshield glass for car, its water-repellency is 
hardly lowered even due to abrasion by a wiper. 

[0208] In the water-repellent coating composition used for producing water-repellent glass of the present invention, 
for example, it is preferable that the fluorine-containing polymer (A) comprises the above-mentioned water-repellent fine 
particles having water repellency, namely fine particles selected from above (I). (II) and (III), that the metal oxide (B) 
comprises mainly a silica sol prepared by hydrolyzing and poly-condensating a silane compound such as alkoxysilane 
and as the case demands, contains an oxide of Al, Zr, Ti, or the like and that the solvent 

(C) is selected from alcohols and water. 

[0209] The water-repellent glass of the present invention can be produced by preparing, by the above-mentioned 
preparation process, the composition comprising mainly water-repellent fine particles of the fluorine-containing polymer 
(A) having functional group and the silica sol, applying the composition to the glass and then baking the coated glass. 
[021 0] Glass used as a substrate can be selected from silicate glass such as silica glass, alkaline silicate glass, alka- 
line lead glass, soda-lime glass, potash lime glass or barium glass, boro-silicate glass containing B 2 0 3 and Si0 2 , phos- 
phate glass containing P 2 0 5 , etc. 

[021 1 ] Also the glass used may be colored glass, tempered glass, laminated glass or glass for mirror. Though enough 
adhesion of the water-repellent coating film even to the smooth surface of glass is obtained, in order to enhance adhe- 
sion of the water-repellent coating film, it is possible to carry out hydrofluoric acid treatment or plasma etching so as to 
make the glass surface finely rough. 

[021 2] The water-repellent coating film of water-repellent glass of the present invention is, for example, a coating film 
which comprises the water-repellent fine particles of the fluorine-containing polymer (A) having functional group and sil- 
ica (Si0 2 ) and contains the water-repellent fine particles of the fluorine-containing polymer (A) having functional group 
in dispersed state. 

[0213] Based on the whole coating film, a content of the fluorine-containing polymer (A) having functional group in the 
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water-repellent coating film is from 5 to 85 % by weight, preferably from 10 to 80 % by weight and a content of silica is 
from 15 to 95 % by weight, preferably from 20 to 90 % by weight. 

[0214] A thickness of the above-mentioned water-repellent coating film varies depending on purposes and applica- 
tions and is from 0.01 to 2 u.m, preferably from 0.02 to 1 urn. particularly preferably from 0.1 to 1 urn. 

5 

EMBODIMENT 2 (stain-proofing composite material) 

[0215] Lowering of original functions and appearances occurs in building materials, for example, exterior materials 
such as outer wall and roof, interior materials such as inner wall, ceiling and floor, etc. due to adhesion of dust, smoke 

10 and soot thereon; in cooking appliances for processing and heating of foods or tablewares due to adhesion of edible oil 
thereon; in office apparatuses using toner and represented by an electrostatic process copying machine due to adhe- 
sion of toner and fingerprint thereon; and further in domestic electric appliances such as ventilation fan due to adhesion 
of dust, nicotine and oil thereon. Therefore it is required that stain-proofing material is applied to these portions where 
the mentioned adhesion possibly occurs. 

15 [021 6] In order to comply with such requirement, for example, with respect to building materials such as building glass, 
various inner and exterior wall materials, roofing materials and interior and outer materials and construction-related 
materials such as sign, signal, guardrail, utility pole and sound-proof wall, since they are used exposed to environment, 
the surfaces thereof are required to have weather resistance, stain-proofing property against dust, exhaust gas and rain 
water, transparency and property for exhibiting clear surface pattern. Also various furnitures, kitchen apparatuses such 

20 as gas oven with grill and range hood, and housing facilities such as coordinated kitchen units, washstand, lavatory and 
bath room are required to have heat resistance, and non-sticking property and stain-proofing property against oil, 
scorch and fur. In Embodiment 2, all the mentioned products are referred to as "building material". The substrates of 
these building materials are made of glass, metal, ceramic, synthetic resin, concrete, or the like. Some of them are not 
subjected to any treatment on their surfaces, but to cope with the mentioned requirement, to composite materials used 

25 for these building materials is applied a fluorine-containing polymer having excellent heat resistance, chemical resist- 
ance, corrosion resistance, weather resistance, surface characteristics (non-sticking property, low friction property, 
etc.), electric insulating property, etc. However since the fluorine-containing polymer has not enough adhesion to a sur- 
face of substrate such as metal due to its excellent non-sticking property, it is necessary to (1) use an adhesive or (2) 
carry but, on a surface of a substrate, sand blasting or etching by electrochemical method to make the surface rough 

30 for adhering by an anchor. 

[0217] However it is not possible to make the best use of transparency of a glass substrate and color tone such as 
metal gloss of a metal substrate and thus there is a problem with property for exhibiting clear surface pattern, since in 
the method of using an adhesive in above (1), no transparent adhesive having heat resistance and high adhesive prop- 
erty is available and also since in the method of roughening the surface of substrate in above (2), the surface is signif- 

35 icantly roughened. Further even if a transparent adhesive is developed, since a fluorine-containing polymer composing 
the coating film on the surface of the building material is in general soft, the surface of the coating film is injured, for 
example, during a long term use or by cleaning with a brush, etc. to lower transparency and property for exhibiting clear 
surface pattern and also inherent weather resistance, stain-proofing property, water-repellency and non-sticking prop- 
erty of the fluorine-containing polymer are lowered due to abrasion of the film. Further since the polymer is soft, when 

40 the coating film is applied to an exterior building material, foreign matters, dusts and stains easily enter the coating film 
and therefore there is a case where stains are difficult to be removed. 

[0218] To solve that, an attempt to endow the coating film comprising the fluorine-containing polymer with hardness 
by adding a glassy or aluminum-based inorganic filler has been made, but there was a problem that the coating film 
becomes fragile and transparency and property for exhibiting clear surface pattern are lowered. 
45 [021 9] Also various studies for giving water-repellency to glass have been made for the purpose to repel rain water 
on a window glass or fender mirror of car in rainy days and make field of view good. It is considered that the results of 
such studies are used in the fields requiring stain-proofing property. 

[0220] In this regard, there are proposals as cited above (JP-A-4-1 24047, JP-A-4-325446, JP-A-5-24885, JP-A-4- 
359086, JP-A-5-1 70486, JP-A-5-213633, JP-A-5-51238, JP-A-6-329442, JP-A-6-340451, JP-A-7- 102207, and JP-A-7- 
50 157335). 

[0221 ] However as mentioned above, even by these conventional sol-gel methods, a stain-proofing coating film having 
excellent transparency, abrasion resistance, heat resistance, oil- and water-repellency and scratch resistance has not 
been obtained. 

[0222] The stain-proofing composite material obtained by applying the coating composition of the present invention 
55 to a substrate can be used for various apparatuses, utensils and building materials firstly becaus excellent stain-proof- 
ing property can be maintained for a long period of time, secondly because the fine particles of the fluorine-containing 
ethylenic polymer (A) having functional group are uniformly dispersed in the coating film comprising the metal oxide (B) 
due to their good interfacial adhesion and the coating film has enough hardness, transparency and adhesive property, 



24 



EP0 909 800 A1 



and thirdly because the coating film comprising the fluorine-containing ethylenic polymer (A) having functional group 
and metal oxide (B) has good heat resistance, weather resistance, abrasion resistance, scratch resistance, non-sticking 
property, water-repellency, anti-bacterial property, etc. 

[0223] The present invention can provide the stain-proofing composite material comprising a substrate and, on a sur- 
5 face of the substrate, a coating film which comprises the metal oxide (B) and fine particles of the fluorine-containing eth- 
ylenic polymer (A) having functional group prepared by copolymerizing 

(a) 0.05 to 50 % by mole of at least one of fluorine-containing ethylenic monomers having at least one functional 
group selected from hydroxyl, carboxyl, a carboxylic salt group, a carboxylic ester group and epoxy and 
w (b) 50 to 99.95 % by mole of at least one of fluorine-containing ethylenic monomers having no functional group 
mentioned above; the fine particles of the polymer (A) are dispersed in the metal oxide (B) layer. 

[0224] Also the present invention can provide the above-mentioned stain-proofing composite material, in which the 
fluorine-containing ethylenic monomer (a) having functional group is at least one of fluorine-containing ethylenic mon- 
15 omers having functional group and represented by the formula (1): 

CX 2 =CX 1 -R r Y (1) 

wherein Y is -CH 2 OH, -COOH, a carboxylic salt group, a carboxylic ester group or epoxy, X and X 1 are the same or drf- 
20 f erent and each is hydrogen atom or fluorine atom, R f is a divalent fluorine-containing alkylene group having 1 to 40 car- 
bon atoms, a fluorine-containing oxyalkylene group having 1 to 40 carbon atoms, a fluorine-containing alkylene group 
having ether group and 1 to 40 carbon atoms or a fluorine-containing oxyalkylene group having ether bond and 1 to 40 
carbon atoms. 

[0225] Also the present invention can provide the above-mentioned stain-proofing composite material, in which the 
25 fluorine-containing ethylenic polymer (A) having functional group is the above-mentioned polymer (I). 

[0226] Also the present invention can provide the above-mentioned stain-proofing composite material, in which the 
fluorine-containing ethylenic polymer (A) having functional group is the above-mentioned polymer (II). 
[0227] Also the present invention can provide the above-mentioned stain-proofing composite material, in which the 
fluorine-containing ethylenic polymer (A) having functional group is the above-mentioned polymer (III). 
30 [0228] Also the present invention can provide the above-mentioned stain-proofing composite material, in which the 
metal oxide (B) is a silicon oxide. 

[0229] Also the present invention can provide the above-mentioned stain-proofing composite material, in which the 
metal oxide (B) is an aluminum oxide. 

[0230] Also the present invention can provide the above-mentioned stain-proofing composite material, in which the 
35 metal oxide (B) is a titanium oxide. 

[0231] Also the present invention can provide the above-mentioned stain-proofing composite material, in which the 
substrate is a metallic substrate. 

[0232] Also the present invention can provide the above-mentioned stain-proofing composite material, in which the 
substrate is a non-metallic inorganic substrate. 
40 [0233] Also the present invention can provide the above-mentioned stain-proofing composite material, in which the 
non-metallic inorganic substrate is a glass, concrete, cement, tile or pottery substrate. 

[0234] Also the present invention can provide the above-mentioned stain-proofing composite material, in which the 
substrate is a synthetic resin substrate. 

[0235] In principle the above-mentioned descriptions regarding the coating composition, coating film and methods for 
45 production thereof are applied to the stain-proofing composite material of the present invention. Explained below are 
particularly preferable embodiments thereof. 

[0236] Examples of the substrate used usually for the stain-proofing composite material of the present invention are 
metallic plates of aluminum, stainless steel, iron and titanium; metallic plates subjected to hot-dip zinc plating, alumi- 
num plating, etc.; metallic plates subjected to chemical conversion treatment such as oxidation with chromic acid, phos- 

50 phoric acid, etc.; alumrte-treated metallic plates subjected to anodizing; and the like. 

[0237] Examples of the non-metallic inorganic substrate used usually are glass substrates such as crystallized glass, 
foamed glass, heat reflecting glass, heat absorbing glass and multi-layered glass; ceramic substrates such as tile, large 
size pottery plate, ceramic panel and brick; natural stones such as granite and marble; concrete substrates such as high 
strength concrete, glass fiber-reinforced concrete (GRC), carbon fiber-reinforced concrete (CFRC), lightweight aerated 

55 concrete (ALC) and composite ALC; cement substrates such as extrusion molded cement and composite molded 
cement; asbestos cement; enamelled steel plate; and the like. 

[0238] Further examples of the synthetic resin substrate used are polycarbonate, polyester resin, acrylic resin, vinyl 
chloride resin, artificial marble (mainly comprising unsaturated polyester resin or acrylic resin), steel plates coated with 
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vinyl chloride resin, acrylic resin or urethane resin, and the like. 

[0239] Among them, where transparency is required, the non-metallic inorganic substrate of glass and the synthetic 
resin substrate of acrylic resin and polycarbonate are usually used. 

[0240] A thickness of the metal oxide coating film of the above-mentioned stain-proofing composite material of the 
5 present invention varies depending on kind and portion of appliances and utensils to which the film is applied. The thick- 
ness is from 0.01 to 100 urn, preferably from 0.01 to 70 um, particularly preferably from 0.02 to 50 ^m. 
[0241] Appliances, utensils, building materials and portions thereof where the stain-proofing composite material of 
the present invention can be used suitably are raised and classified below by the fields applied, but are not limited to 
them. 

w 

[1] Cooking apparatuses and utensils (including tablewares) 

[0242] Cooking apparatuses and utensils require particularly stain-proofing property because in many cases sticky 
oil and foods are used. Raised below are non-restricted typical examples thereof. 

15 

® Pot 

(a) Inner surface, inner lid, etc. of electric pots including electric water heater 

20 [0243] In these applications, stain-proofing property (for fur), hot water resistance and anti-bacterial property of the 
stain-proofing composite material of the present invention can be used particularly effectively. 

(b) Inner surface of inner pot, inner lid, etc. of gas and electric rice cookers and rice cooker with rice washing mecha- 
nism, etc. 

25 

[0244] In these applications, stain-proofing property (for rice and scorching) and heat resistance of the stain-proofing 
composite material of the present invention can be used particularly effectively, Further it is possible to inhibit lowering 
of the characteristics due to abrasion, scratch, etc. of the coating film by cleaning with brush, etc. 

30 @ Cooking apparatuses 

(a) Surfaces of frying pan, vat, household hand mixer for cooking, crate, kitchen knife, molder for bread, reverse sheet 
for bread, dough dividing and rounding machine for making bread, etc. , inner surface of mixing bow), rice chest, etc. and 
blade of the above-mentioned mixer 

35 

[0245] In these applications, stain-proofing property (scorching and cohering stains) and heat resistance of the stain- 
proofing composite material of the present invention can be used particularly effectively. Further it is possible to inhibit 
lowering of the characteristics due to abrasion, scratch, etc. of the coating film by metal spatula, etc. 

40 (b) Inner surface, blade, etc. of electric food processors such as electric food crusher for domestic use, electric food 
crusher, electric meat grinder for kitchen use, electric blender for kitchen use and electric mixer for kitchen use 

[0246] In these applications, stain-proofing property (for vegetable and meat juice) of the stain-proofing composite 
material of the present invention can be used particularly effectively. 

45 

© Gas oven with grill 

(a) Surfaces of top plate, side plate and surface of gas ovens such as gas container built-in type oven, and drip pan 
cover thereof, etc. 

so 

[0247] In these applications, stain-proofing property (for oil stains), heat resistance and transparency (property for 
exhibiting clear color and pattern) of the stain-proofing composite material of the present invention can be used partic- 
ularly effectively. Further it is possible to inhibit lowering of the characteristics due to abrasion, scratch, etc. of the coat- 
ing film by cleaning with brush, etc. 
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@ Ranges with oven including toaster, range, etc. 

(a) Inner surfaces (metallic portion) of ovens (range for kitchen use) such as oven for shop use, electric oven (including 
oven for shop use), electric oven with heating cabinet for shop use. cooking oven for shop use and cooking range for 

5 shop use; ovens for making bread such as baking oven for shop use and automatic baking apparatus for domestic use; 
electric oven and toaster such as toaster and toaster for bread; and microwave range such as microwave range for shop 
use and microwave range with oven; pans for ranges; and the like. 

[0248] In these applications, stain-proofing property (for oil and scorching) and heat resistance of the stain-proofing 
10 composite material of the present invention can be used particularly effectively. Further it is possible to inhibit abrasion 
and scratch of the coating film by spatula, brush, etc. 

(b) Inner surface of door of ranges with oven raised in above (a) 

15 [0249] In these applications, stain-proofing property, heat resistance and transparency of the stain-proofing compos- 
ite material of the present invention can be used particularly effectively In case of microwave range, energy ray resist- 
ance can be used particularly effectively. 

© Pots and pans 

20 

(a) Inner surface of pots and pans such as glass pot enamel pot, aluminum pot, electric frying pot, electric Tempura 
pot, electric pressure pot and electric pressure pot for stew, etc. 

[0250] In these applications, stain-proofing property (for scorching, cohering stains and oil in case of the frying pot 
25 and Tempura pot) and heat resistance of the stain-proofing composite material of the present invention can be used 
particularly effectively. Further it is possible to inhibit abrasion and scratch of the coating film by spatula, brush, etc. 

(b) Lids of pots and pans raised in above (a) 

30 [0251 ] In these applications, not only the characteristics in above (a) but also transparency of the stain-proofing com- 
posite material of the present invention can be used particularly effectively. 

© Garbage disposer 

35 [0252] Inner surface, etc. of garbage treating machines such as garbage disposer for domestic use and garbage 
(waste) disposer for making compost 

[0253] In these applications, stain-proofing property of the water-repellent composite material of the present invention 
can be used particularly effectively. 

40 Q) Other heating apparatuses for cooking 

(a) Heating surface, lid. etc. of griddle 

[0254] In these applications, stain-proofing property (for scorching and cohering stains) and heat resistance of the 
45 stain-proofing composite material of the present invention and transparency thereof in case of the lid can be used par- 
ticularly effectively. Further it is possible to inhibit lowering of the characteristics and appearance due to abrasion and 
scratch of the coating film by metal spatula, etc. 

(b) Cooking surface, etc. of electromagnetic cooking apparatuses such as electromagnetic range and oven 

50 

[0255] In these applications, stain-proofing property, heat resistance and transparency of the stain-proofing compos- 
ite material of the present invention can be used particularly effectively, and it is possible to inhibit abrasion and scratch 
of the coating film by brush, etc. 

55 (c) Inner surface, door inside, lid, etc. of electric steamer such as food steamer for shop use 

[0256] in these applications, stain-proofing property, heat resistance and steam resistance of the stain-proofing com- 
posite material of the present invention can be used particularly effectively, and it is possible to inhibit abrasion and 



27 



EP0 909 800A1 

scratch of the coating film by brush, etc. 

(d) Inner surface, lid, etc. of noodle boiler for shop use 

s [0257] In these applications, stain-proofing property, heat resistance and hot water resistance of the stain-proofing 
composite material of the present invention can be used particularly effectively, and it is possible to inhibit abrasion and 
scratch of the coating film by brush, etc. 

(e) Inner surface, inner surface (metallic portion) and door inner surface of cooking roaster for shop use, pan for range, 
10 etc. 

[0258] In these applications, stain-proofing property (for scorching and cohering stains) and heat resistance of the 
stain-proofing composite material of the present invention can be used particularly effectively, and it is possible to inhibit 
abrasion and scratch of the coating film by brush, etc. 

15 

(f) Inner surface, etc. of tableware and can washer for shop use 

[0259] In these applications, stain-proofing property and hot water resistance of the stai n-proof ing composite material 
of the present invention can be used particularly effectively. 

20 

(g) Inner surface, door inner surface, etc. of heating cabinet for shop use 

[0260] In these applications, stain-proofing property, transparency and heat resistance of the stain-proofing compos- 
ite material of the present invention can be used particularly effectively. 
25 [0261 ] Further as the cooking apparatuses other than those mentioned above, to which the stain-proofing composite 
material of the present invention can be used preferably, there can be raised the same ones as exemplified in the above- 
mentioned Embodiment 1 . 

[2] Office automation-related apparatuses 

30 

[0262] In office automation-related apparatuses, in addition to parts where toner is used, there are many other por- 
tions which are apt to be easily damaged by stain attributable to tobacco smoke, foreign matter, fingerprint, dust, etc. 
Mentioned below are non-restricted typical examples thereof. 

35 (1) Electrophotographic copying machine, facsimile machine, word processor, printer and other apparatuses with print- 
ing mechanism 

[0263] The stain-proofing composite material is suitable as a material used for parts where toner is used or toner pos- 
sibly adheres. Examples of such parts are mentioned below. 

40 

(J) Fixing roll 

(a) For monochromatic printing 
45 [0264] 

Substrate: Aluminum- or SUS-made substrate 

[0265] When the stain-proofing composite material of the present invention comprising the above-mentioned sub- 
50 strate is used, a fixing roll having excellent stain-proofing property, durability and heat resistance can be obtained. Since 
the fluorine-containing polymer having functional group itself has excellent adhesive property, no primer need be pro- 
vided, and processability in production is excellent. 

(b) For both monochromatic printing and color printing Substrate: Metallic substrate coated with silicon rubber or 

55 

[0266] 

urethane rubber and further with silicon oil for mold releasing 
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[0267] When the stain-proofing composite material of the present invention comprising the above-mentioned sub- 
strate is used, a fling roll having excellent stain-proofing property, mold release property of paper and abrasion resist- 
ance can be obtained. Since the fluorine-containing polymer having functional group itself has excellent adhesive 
property, no primer need be provided, and processability in production is excellent. 

5 

© Press roll (for both color and monochromatic printing) 
[0268] 

w Substrate: Metallic substrate coated with silicon rubber or urethane rubber 

[0269] When the stain-proofing composite material of the present invention comprising the above-mentioned sub- 
strate is used, a press roll having excellent stain-proofing property and abrasion resistance can be obtained. Since the 
fluorine-containing polymer having functional group itself has excellent adhesive property, no primer need be provided. 
is and processability in production is excellent because of excellent adhesive property. 

® Charged roll (for both color and monochromatic printing) 

[0270] 

20 

Substrate: Urethane rubber-made substrate 

[0271] When the stain-proofing composite material of the present invention comprising the above-mentioned sub- 
strate is used, a charged roll having excellent stain-proofing property, mold release property of paper and abrasion 
25 resistance can be obtained. Since the fluorine-containing polymer having functional group itself has excellent adhesive 
property, no primer need be provided, and processability in production is excellent. 

(3) Transfer roll (for both color and monochromatic printing) 

30 [0272] 

Substrate: Urethane rubber-made substrate 

[0273] When the stain-proofing composite material of the present invention comprising the above-mentioned sub- 
35 strate is used, a transfer roll having excellent stain-proofing property, mold release property of paper, abrasion resist- 
ance and elasticity can be obtained. Since the fluorine-containing polymer having functional group itself has excellent 
adhesive property, no primer need be provided, and processability in production is excellent. 

© Transfer belt (for both color and monochromatic printing) 

40 

[0274] 

Substrate: Polyimide-made substrate 

45 [0275] When the stain-proofing composite material of the present invention comprising the above-mentioned sub- 
strate is used, a transfer belt having excellent stain-proofing property and abrasion resistance can be obtained. Since 
the fluorine-containing polymer having functional group itself has excellent adhesive property, no primer need be pro- 
vided, and processability in production is excellent. 

50 <§) Separating claw and fixing bearing (surface) 

[0276] 

Substrate: Heat resistant resin-made substrate (for example, polyphenylene sulfide (PPS), polyamideimide, poly- 
55 ether imide, polyoxymethylene (POM), polyether ether ketone (PEEK), or the like) 

[0277] When the stain-proofing composite material of the present invention comprising the above-mentioned sub- 
strate is used, a separating claw having excellent stain-proofing property, abrasion resistance and paper feed property 
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and hardly injuring a roll and a fixing bearing having low friction property and excellent abrasion resistance and heat 
resistance can be obtained. Since the fluorine-containing polymer having functional group itself has excellent adhesive 
property, no primer need be provided, and processability in production is excellent. 

® Paper delivery roll and paper delivery guide 

[0278] 

Substrate: Resin-made substrate (for example, PPS, polyamideimide, polyether imide, POM, PEEK, or the like) 

[0279] When the stain-proofing composite material of the present invention comprising the above-mentioned sub- 
strate is used, a paper delivery roll and paper delivery guide having excellent stain-proofing property and abrasion 
resistance can be obtained. Since the fluorine-containing polymer having functional group itself has excellent adhesive 
property, no primer need be provided, and processability in production is excellent. 

[0280] Also the stain-proofing composite material of the present invention can be used on the following parts for office 
automation-related apparatuses particularly by making the use of its good transparency. 

® Cathode ray tube, liquid crystal panel and plasma display (front surface) 

[0281] 

Substrate: Glass 

Fluorine-containing polymer having functional group: I, II, III 
Applying method: Coating 

[0282] When this stain-proofing composite material is used, a cathode ray tube, liquid crystal panel and plasma dis- 
play having excellent transparency and stain-proofing property against dust, fingerprint, etc. can be obtained. No primer 
need be provided, and processability in production is excellent. 

® Contact glass (surface) 

[0283] 

Substrate: Glass 

[0284] When the stain-proofing composite material of the present invention comprising the above-mentioned sub- 
strate is used, a contact glass having excellent transparency and stain-proofing property against dust, fingerprint, etc. 
and excellent stain-proofing property against ink eraser, marking ink, etc. can be obtained. Since the fluorine-containing 
polymer having functional group itself has excellent adhesive property, no primer need be provided, and processability 
in production is excellent. 

[3] Building material 

[0285] Some of building materials also require stain-proofing property. Mentioned below are examples of those build- 
ing materials and effects exhibited in addition to stain-proofing property. 

(J) Glass for building 

[0286] Building glass, polished flat glass for building (window glass), window of stained glass, windshield glass, light 
shielding ratio adjustable glass, etc. 

[0287] In these applications, transparency, non-sticking property and flame retardancy of the stain-proofing composite 
material of the present invention can be used particularly effectively. 

@ Outer wall material, roofing material and interior and exterior material (made of metal) 

[0288] 

(a) Exterior metallic building material for wall, metallic building material, interior and exterior metallic panels for 
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building, metallic fence, metallic tile, metallic building panel, etc. 

(b) Metallic roofing material, solar system built-in roofing material, etc. 

(c) Metallic door, metallic grating, metallic shutter, metallic fence, metallic porch (for building), etc. 

(d) Metallic blind (for outdoor), gutter, sash, rain door, etc. 

(e) Metallic ceiling panel, metallic floor tile, metallic wall panel coated with vinyl chloride decorative sheet, etc. 

(f) Metallic parking facilities for cars, metallic object of art, etc. 

[0289] In these applications, weather resistance, non-sticking property and transparency (property for exhibiting clear 
surface pattern) of the stain-proofing composite material of the present invention can be used particularly effectively. 

CD Outer wall material, roofing material and interior and exterior material (non-metallic inorganic material) 

[0290] 

(a) Segmental concrete block or concrete block bonded with a tile or sliced natural stone, segmental concrete road 
pavement board or concrete road pavement board having a surface of rubber material, concrete board which may 
be reinforced with GRC (fiber-reinforced concrete) wall material, etc. 

(b) Extrusion-molded cement such as cement having tile-like surface 

(c) Building stone such as artificial stone 

(d) Tiles such as building tile, luster-finished tile, floor tile, ceramic tile and border tile made of pottery 

(e) Exterior material for building and for wall such as non-metallic exterior material for building, building material, 
building panel and wall tile for building 

(f) Roofing material such as solar system built-in roofing material made of ceramic 

(g) Gravestone and grave-post 

(h) Small sculpture, standing sculpture, image, bust and other object of art made of stone, concrete or marble 

[0291] In these applications, weather resistance, non-sticking property, water-proof property, transparency (property 
for exhibiting clear surface pattern), processability and adhesive property of the stain-proofing composite material of the 
present invention, abrasion resistance thereof in case of above (c) and weathering preventing property thereof in cases 
of (g) and (h) can be used particularly effectively. 

@ Outer wall material, roofing material and interior and exterior material (made of resin) 
[0292] 

(a) Floor panel, ceiling panel, etc. 

(b) Grating, gutter, blind and door including those for indoor use, etc. 

(c) Plastic molding panel for concrete 

(d) Gasket for building 

(e) Curtain, cover, sunshield, etc. with an insect-proof, ultraviolet ray and heat shielding and scatter preventing film 

(f) Flooring material made of stone or flooring material made of polyvinyl chloride and having a surface of stone pat- 
tern 

(g) Solar system built-in plastic roofing material 

(h) Sectional polyvinyl chloride tile having clearance and being capable of draining water 

(i) Synthetic resin sash 

(j) Decorative board for counter, furniture, sill, wall panel, bucksplash. baseboard, and walls of bathroom and 
shower room 

(k) Prefabricated assembly set for washstand, shower room, lavatory, transferable toilet, public toilet, etc. 
(I) Prefabricated assembly set for sauna room, garage, etc. 

[0293] In these applications, weather resistance, non-sticking property, transparency (property for exhibiting dear sur- 
face pattern), water resistance, processability and adhesive property of the stain-proofing composite material of the 
present invention can be used particularly effectively. 
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© Outer wall material and roofing material (made of wood) 
[0294] 

5 (a) Timber for household utensils, wooden board and decorative board for building such as plywood and wooden 
panel, etc. 

(b) Wooden fence, interior door and window frame, etc. 

(c) Wooden panel for building produced by adhering elastic rubber material on the back of plywood 

(d) Wooden assembly set for building 

w 

[0295] In these applications, weather resistance, non-sticking property, transparency (property for exhibiting clear sur- 
face pattern), water resistance, processability and adhesive property of the stain-proofing composite material of the 
present invention can be used particularly effectively. 

is © Furniture 

[0296] 

(a) Glass showcase, wagon, display wagon, display panel, display stand, meal conveying wagon, flower stand, etc. 
20 (b) Shelf, screen, desk, sofa, shelf for chest of drawers, etc. 
(c) Telephone booth made of metal or various materials 

[0297] In these applications, non-sticking property, transparency (property for exhibiting clear surface pattern), water 
resistance and processability of the stain-proofing composite material of the present invention and further property for 
25 preventing paper from being pasted, adhesive property and abrasion resistance thereof in case of above (c) can be 
used particularly effectively. 

Q) Apparatuses for household and shop uses 

30 [0298] 

(a) Gas oven with grill, range hood, ventilation hood, etc. 

(b) Metallic duct for central heating, ventilator, air conditioner, etc. 

35 [0299] In these applications, non-sticking property, processability and adhesive property of the stain-proofing com- 
posite material of the present invention can be used particularly effectively. 

(g) Housing apparatuses and facilities 

40 [0300] 

(a) Coordinated kitchen units including kitchen range (oven), sink, etc. 

(b) Electrically heated, gas heated and oil heated water heaters (including instantaneous water heater) 

(c) Wall-mounted washbasin, washstand, hair washing appliance for domestic use, washstand with hair washing 
45 function, washbasin for washstand, washbasin with cover, bow window type washstand, etc. 

(d) Flush toilet stool, small size chamber pot for car, urinal, toilet stool with urinalyzer, toilet stool for little children, 
toilet stool with hot water washing function, toilet seat with deodorizing unit and water tank for flush toilet 

In these applications, non-sticking property, property for exhibiting clear surface pattern (transparency), proc- 
essability, abrasion resistance and anti-bacterial property of the stain-proofing composite material of the present 
so invention can be used particularly effectively. 

(e) Lining for bathrooms including shower room, sauna bath for domestic and shop uses, bath tubs such as prefab- 
ricated bath tub and bath tub with bubble generator and bath utensils such as handle mounted on bath tub and 
soap holder 

(f) Escalator, elevator (including those for private houses), etc. 

55 

[0301] In these applications, non-sticking property, property for exhibiting clear surface pattern (transparency) and 
processability of the stain-proofing composite material of the present invention, heat resistance thereof in cases of 
above (a), (b) and (e), abrasion resistance thereof in cases of above (c) to (e) and sliding property and corrosion resist- 
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ance thereof in case of above (f) can be used particularly effectively. 

© Construction 

[0302] 

(a) Sign for bus stop, sign for street, sign mounted on guardrail, etc. 

(b) Signals such as luminous signal and mechanical signal 

(c) Guardrail produced by using various materials 

(d) Utility pole produced by using various materials 

(e) Sound-proof wall 

(f) Plastic molding panel for concrete for building and construction, etc. 

[0303] In these applications, weather resistance, non-sticking property, transparency, processability and adhesivei 
property of the stain-proofing composite material of the present invention and further mold-release property thereof in 
case of above (f) can be used particularly effectively. 

[4] Car-related articles (including motorbike) 

[0304] Stains on exterior members of car such as body and window glass due to foreign matters in the air, mud, dusts, 
oil, etc. can be prevented. Also with respect to interior of car, there are the same effects as in the above-mentioned 
housing facilities. In addition, the same effects are obtained with respect to parts such as wheel, mirror and light. 

<3) Body of car 

[0305] 

Application: Surface of body, bumper, spoiler 

Substrate: Acrylic resin-coated surface, steel sheet, PR urethane resin, polyester 
Fluorine-containing polymer having functional group: I, II, III 
Applying method: Coating 

Effect: Stain-proofing property against dusts and soots, transparency, property for exhibiting clear surface pattern 
and scratch resistance 

@ Window of car 

[0306] 

Application: Windshield glass, side window glass, rearview glass, window glass for train 
Substrate: Glass 

Fluorine-containing polymer having functional group: I, II, III 
Applying method: Coating 

Effect: Stain-proofing property against dusts, soots and finger-print, water-repellency, transparency, abrasion 
resistance for wiper 

© Light (headlight, taillight, turn signal, etc.) 

[0307] 

Application: Cover surface and bulb surface 
Substrate: Polycarbonate, glass 

Fluorine-containing polymer having functional group: I, II, III 
Applying method: Coating 

Effect: Stain-proofing property against dusts and soots, water-repellency, transparency, scratch resistance 
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® Interior material of car 
[0308] 

5 Application: Dashboard, front panel, rear panel, trunk room 
Substrate: Urethane resin, PP 

Fluorine-containing polymer having functional group: I, II, 111 
Applying method: Coating 

Effect: Stain-proof property against nicotine, dusts and fingerprint, transparency, property for exhibiting clear sur- 
10 face pattern 

<S) Mirrors 

[0309] 

75 

Application: Fender mirrors, rearview mirror 
Substrate: Glass 

Fluorine-containing polymer having functional group: I, II, III 
Applying method: Coating 
20 Effect: Stain-proofing property against dusts and soots, water-repellency, transparency 

©Wheel 

[0310] 

Application: Surface 

Substrate: Aluminum, cast iron, PP, ABS, PA, PC, PPE, alloys 
Fluorine-containing polymer having functional group: I, II, III 
Applying method: Coating 

30 Effect: Stain-proofing property against dusts and mud, scratch resistance against stone, etc., transparency, prop- 
erty for exhibiting clear surface pattern 

[5] Domestic electric appliances 

35 [031 1 ] The stain-proofing composite material of the present invention can be used on not only the above-mentioned 
electric apparatuses for kitchen use but also parts of various electric appliances where stains become a problem. Typ- 
ical examples thereof are mentioned below. 

(J) Air conditioner (including cooling and heating) 

40 

[0312] 

Application: Louver of indoor unit, exterior of outdoor unit, aluminum fin, propeller 
Substrate: PP, aluminum, galvanized steel sheet, galvanized steel plate 
45 Fluorine-containing polymer having functional group: I, II, III 
Applying method: Coating 

Effect: Stain-proofing property and removing property against dusts, soots and nicotine, transparency, property for 
exhibiting clear surface pattern, processability 

so @ Ventilation fan 

[0313] 

Application: Fan, frame, cover 
55 Substrate: PP, aluminum, galvanized steel sheet, galvanized steel plate 
Fluorine-containing polymer having functional group: I, II, III 
Applying method: Coating 

Effect: Stain-proofing property against oil and cohering stain, transparency, property for exhibiting clear surface 
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pattern, abrasion resistance and scratch resistance for use of brush, etc. for cleaning 
@ Electric bulb (or shade thereof) 
5 [0314] 

Application: Surfaces of bulb, cover and shade 
Substrate: Glass, PP 

Fluorine-containing polymer having functional group: I, II, III 
10 Applying method: Coating 

Effect: Stain-proofing property against dusts and soots, transparency, scratch resistance 

® Refrigerator 

15 [0315] 

Application: Inside and outside surfaces 

Substrate: PP, aluminum, SUS, galvanized steel sheet, galvanized steel plate 
Fluorine-containing polymer having functional group: I, II, III 
20 Applying method: Coating 

Effect: Stain-proofing property against food and seasoning, cohered stain removing property, transparency, prop- 
erty for exhibiting clear surface pattern, processability 

[6] Others 

25 

0 Insulator, pantograph 
[0316] 

30 Application: Surface 
Substrate: Ceramic 

Fluorine-containing polymer having functional group: I, II, III 
Applying method: Coating 

Effect: Stain-proofing property against dusts and soots, scratch resistance, processability 

35 

@ Bolt 
[0317] 

40 Application: Surface 
Substrate: Iron, SUS 

Fluorine-containing polymer having functional group: I. II, III 
Applying method: Coating 

Effect: Stain-proofing property, rust-proof property, impact resistance, processability 

45 

EMBODIMENT 3 (Non-sticking composite material) 

[031 8] In cooking apparatuses for processing and heating foods and tablewares, office machines using toner such as 
an electrostatic process copying machine and domestic electric appliances such as a ventilation fan, when foods, toner, 
so oil. etc. adhere to apparatuses, appliances and parts thereof, inherent functions and appearance thereof are lost 
Therefore it is required that a non-sticking material is applied to parts where such adhesion possibly occurs. 
[0319] As the non-sticking material, fluorine-containing materials, particularly fluorine-containing resins are generally 
known and actually used. 

[0320] However the above-mentioned fluorine-containing resins have substantial problem that they do not have 
55 enough adhesion to a substrate of metal, glass, etc. because of their excellent non-sticking property. 

[0321] To satisfy such requirement, a fluorine-containing polymer having excellent heat resistance, chemical resist- 
ance, corrosion resistance, weather resistance, surface characteristics (non-sticking property, low friction property, 
etc.), electric insulating property, etc. is used for a composite material used, for example, for cooking apparatuses, par- 
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ticularly heating surfaces of rice cooker, electric griddle, etc. However the fluorine-containing polymer do not have 
enough adhesion to a metal surface due to its excellent non-sticking property, and therefore it is necessary to (1) use 
an adhesive or (2) carry out sand blasting or electrochemical etching on a substrate surface to make the surface rough 
for adhering by anchor effect. 

5 [0322] However it is not possible to make the best use of transparency of a glass substrate and color tone such as 
metal gloss of a metal substrate and thus there is a problem with property for exhibiting clear surface pattern, since in 
the method of using an adhesive in above (1), no transparent adhesive having excellent heat resistance and high adhe- 
sive property is available and since in the method of roughening the surface of substrate in above (2), the surface is 
significantly roughened. Further even if a transparent adhesive is developed, since a fluorine-containing polymer con- 

w tained in the coating film on the heating surface is in general soft, the surface of the coating film is injured during a long 
term use or by cleaning with a spatula, brush, etc. to lower transparency and property for exhibiting clear surface pat- 
tern and also inherent non-sticking property and water-repellency of the fluorine-containing polymer are lowered due to 
abrasion of the film. 

[0323] To solve that, an attempt to endow the coating film comprising the fluorine-containing polymer with hardness 
is by adding an inorganic filler of glass or aluminum has been made, but there was a problem that the coating film became 
fragile, transparency was lowered and a surface pattern of a substrate became unclear. 

[0324] Also various studies for giving water-repellency to glass have been made for the purpose to repel rain water 
on a window glass or fender mirror of car in rainy days and make field of view good. It is considered that the results of 
such studies are used in the fields requiring non-sticking property. 
20 [0325] In this regard, there are proposals as cited above (JP-A-4-124047, JP-A-4-325446, JP-A-5-24885, JP-A-4- 
359086, JP-A-5-1 70486, JP-A-5-2 13633, JP-A-5-51238, JP-A-6-329442, JP-A-6-340451, J P-A-7- 102207, and JP-A-7- 
157335). 

[0326] However as mentioned above, even by those conventional sol-gel methods, a non-sticking coating film having 
excellent transparency, abrasion resistance, heat resistance, water- and oil-repellency and scratch resistance has not 
25 been obtained. 

[0327] The non-sticking composite material obtained by applying the coating composition of the present invention to 
a substrate can be used for various apparatuses, utensils and building materials firstly because excellent non-sticking 
property can be maintained for a long period of time, secondly because the fine particles of the fluorine-containing eth- 
ylene polymer (A) having functional group are uniformly dispersed in a coating film comprising the metal oxide (B) due 
30 to their good interfacial adhesion and the coating film has enough hardness, transparency and adhesive property, and 
thirdly because the coating film comprising the fluorine-containing ethyienic polymer (A) having functional group and 
metal oxide (B) has good heat resistance, abrasion resistance, scratch resistance, stain-proofing property, water repel- 
lency, anti-bacterial property, etc. 

[0328] The present invention can provide the non-sticking composite material comprising a substrate and, on a sur- 
35 face of the substrate, a coating film which comprises the metal oxide (B) and fine particles of the fluorine-containing eth- 
yienic polymer (A) having functional group prepared by copolymerizing 

(a) 0.05 to 50 % by mole of at least one of fluorine-containing ethyienic monomers having at least one functional 
group selected from hydroxyl, carboxyl, a carboxylic salt group, a carboxylic ester group and epoxy and 
40 (b)50 to 99.95 % by mole of at least one of fluorine-containing ethyienic monomers having no functional group men- 
tioned above; the fine particles of the polymer (A) are contained in dispersed state in the metal oxide (B) layer. 

[0329] Also the present invention can provide the above-mentioned non-sticking composite material, in which the flu- 
orine-containing ethyienic monomer (a) having functional group is at least one of fluorine-containing ethyienic mono- 
45 mers having functional group and represented by the formula (1 ): 

CX 2 =CX 1 -R r Y (1) 

wherein Y is -CH 2 OH, -COOH, a carboxylic salt group, a carboxylic ester group or epoxy, X and X 1 are the same or dif- 
so ferent and each is hydrogen atom or fluorine atom, R f is a divalent fluorine-containing alkylene group having 1 to 40 car- 
bon atoms, a fluorine-containing oxyalkylene group having 1 to 40 carbon atoms, a fluorine-containing alkylene group 
having ether group and 1 to 40 carbon atoms or a fluorine-containing oxyalkylene group having ether bond and 1 to 40 
carbon atoms. 

[0330] Also the present invention can provide the above-mentioned non-sticking composite material, in which the flu- 
55 orine-containing ethyienic polymer (A) having functional group is the above-mentioned polymer (I). 

[0331] Also the present invention can provide the above-mentioned non-sticking composite material, in which the flu- 
orine-containing ethyienic polymer (A) having functional group is the above-mentioned polymer (II). 
[0332] Also the present invention can provide the above-mentioned non-sticking composite material, in which the flu- 
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orine-containing ethylenic polymer (A) having functional group is the above-mentioned polymer (III). 

[0333] Also the present invention can provide the above-mentioned non-sticking composite material, in which the 

metal oxide (B) is a silicon oxide. 

[0334] Also the present Invention can provide the above-mentioned non-sticking composite material, in which the 
metal oxide (B) is an aluminum oxide. 

[0335] Also the present invention can provide the above-mentioned non-sticking composite material, in which the 
metal oxide (B) is a titanium oxide. 

[0336] Also the present invention can provide the above-mentioned non-sticking composite material, in which the sub- 
strate is a metallic substrate. 

[0337] Also the present invention can provide the above-mentioned non-sticking composite material, in which the sub- 
strate is a glass substrate. 

[0338] Also the present invention can provide the above-mentioned non-sticking composite material, in which the sub- 
strate is a synthetic resin substrate. 

[0339] Also the present invention can provide the above-mentioned non-sticking composite material, in which the sub- 
strate is a ceramic substrate. 

[0340] In principle the above-mentioned descriptions regarding the coating composition, coating film and methods for 
production thereof are applied to the non-sticking composite material of the present invention. Explained below are par- 
ticularly preferable embodiments thereof. 

[0341 ] Examples of the substrate which can be used for the non-sticking composite material of the present invention 
are all the substrates mentioned above, and examples of the metallic substrate used particularly in many cases are, for 
instance, 

© Cold rolled steel sheet 

@ Plated steel plates, for example, Zn-plated steel plate, Zn alloy-plated steel plate, Al-plated steel plate. Al alloy- 
plated steel plate, Cr-plated steel plate (TFS), Ni-plated steel plate, Cu-plaled steel plate, galvanized steel plate, 

etc. 

® Aluminum plate 

@ Titanium plate 

© Stainless steel plate, 

and the like. 

[0342] In addition, where transparency is required, the ceramic substrate of glass and the synthetic resin substrate of 
acrylic resin and polycarbonate are usually used. 

[0343] A thickness of the metal oxide coating film of the non-sticking composite material of the present invention var- 
ies depending on kind and portion of appliances and utensils to which the film is applied. The thickness is from 0.01 to 
1 00 pm, preferably from 0.01 to 50 ^m, particularly preferably from 0.02 to 20 urn. 

[0344] Apparatuses, utensils, building materials and portions thereof where the non-sticking composite material of the 
present invention can be used are raised and classified below by the fields applied, but are not limited to them. 

[1] Cooking apparatuses and utensils (including tablewares) 

[0345] Cooking apparatuses and utensils require particularly non-sticking property because sticky oil and foods are 
used in many cases. Raised below are non-restricted typical examples thereof. 

® Pot 

(a) Inner surface, inner lid, etc. of electric pots including electric water steamer 

[0346] In these applications, non-sticking property (stain-proofing property for fur), hot water resistance and anti-bac- 
terial property of the non-sticking composite material of the present invention can be used particularly effectively. 

(b) Inner surface of inner pot, inner lid, etc. of gas and electric rice cookers and rice cooker with rice washing mecha- 
nism, etc. 

[0347] In these applications, non-sticking property (for rice and scorching), stain-proofing property and heat resist- 
ance of the non-sticking composite material of the present invention can be used particularly effectively. Further it is 
possible to inhibit lowering of the characteristics due to abrasion, scratch, etc. of the coating film by cleaning with brush, 
etc. 
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© Cooking apparatuses 

(a) Surfaces of frying pan, vat, household hand mixer for cooking, crate, kitchen knife, molder for bread, reverse sheet 
for bread, dough dividing and rounding machine for making bread, etc. , inner surface of mixing bowl, rice chest, etc. and 

5 blade of the above-mentioned mixer 

[0348] In these applications, non-sticking property (scorching and cohering stains), stain-proofing property and heat 
resistance of the non-sticking composite material of the present invention can be used particularly effectively. Further it 
is possible to inhibit lowering of the characteristics due to abrasion, scratch, etc. of the coating film by metal spatula, etc. 

10 

(b) Inner surface, blade, etc. of electric food processors such as electric food crusher for domestic use, electric food 
crusher, electric meat grinder for kitchen use, electric blender for kitchen use and electric mixer for kitchen use 

[0349] in these applications, non-sticking property (for vegetable and meat juice) and stain-proofing property of the 
is non-sticking composite material of the present invention can be used particularly effectively. 

® Gas oven with grill 

(a) Top panel, side panel and surface of gas oven such as gas container built-in type oven, surface of drip pan cover 
20 thereof, etc. 

[0350] In these applications, non-sticking property (for oil stains), heat resistance and transparency (property for 
exhibiting clear color and pattern) of the non-sticking composite material of the present invention can be used particu- 
larly effectively. Further it is possible to inhibit lowering of the characteristics due to abrasion, scratch, etc. of the coating 
25 film by cleaning with brush, etc. 

@ Range with oven including toaster, range, etc. 

(a) Inner surfaces (metallic portion) of ovens such as oven for shop use, electric oven (including oven for shop use), 
30 electric oven with heating cabinet for shop use, cooking oven for shop use and cooking range for shop use; ovens for 

making bread such as baking oven for shop use and automatic baking appliance for domestic use; electric oven and 
toaster such as toaster and toaster for bread; microwave range such as microwave range for shop use and microwave 
range with oven; pans for ranges; and the like. 

35 [0351 ] In these applications, non-sticking property (for oil and scorching) , stain-proofing property and heat resistance 
of the non-sticking composite material of the present invention can be used particularly effectively. Further it is possible 
to inhibit abrasion and scratch of the coating film by spatula, brush, etc. 

(b) Inner surface of door of ranges with oven raised in above (a) 

40 

[0352] In these applications, non-sticking property, heat resistance and transparency of the non-sticking composite 
material of the present invention can be used particularly effectively. In case of microwave range, energy ray resistance 
can be used particularly effectively. 

45 © Pots and pans 

(a) Inner surface of pots and pans such as glass pot, enamel pot, aluminum pot, electric frying pot, electric Tempura 
pot, electric pressure pot and electric pressure pot for stew, etc. 

so [0353] In these applications, non-sticking property (for scorching, cohering stains and oil in case of the frying pot and 
Tempura pot) and heat resistance of the non-sticking composite material of the present invention can be used particu- 
larly effectively. Further it is possible to inhibit abrasion and scratch of the coating film by spatula, brush, etc. 

(b) Lids of pots and pans raised in above (a) 

55 

[0354] In these applications, not only the characteristics in above (a) but also transparency of the non-sticking com- 
posite material of the present invention can be used particularly effectively. 
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© Garbage disposer 

[0355] Inner surface, etc. of garbage treating machines such as garbage disposer for domestic use and garbage 
(waste) disposer for making compost 

[0356] In these applications, non-sticking property and stain-proofing property of the non-sticking composite material 
of the present invention can be used particularly effectively. 

@ Other heating apparatuses for cooking 

(a) Heating surface, cover, etc. of electric griddle 

[0357] In these applications, non-sticking property (for scorching and cohering stains) and heat resistance of the non- 
sticking composite material of the present invention and transparency thereof in case of the cover can be used partic- 
ularly effectively. Further it is possible to inhibit lowering of the characteristics and appearance due to abrasion and 
scratch of the coating film by metal spatula, etc. 

(b) Cooking surface, etc. of electromagnetic cooking apparatuses such as electromagnetic range and oven 

[0358] In these applications, non-sticking property, heat resistance and transparency of the non-sticking composite 
material of the present invention can be used particularly effectively, and it is possible to inhibit abrasion and scratch of 
the coating film by brush, etc. 

(c) Inner surface, door inner surface, cover, etc. of electric steamer such as food steamer for shop use 

[0359] In these applications, non-sticking property, stain-proofing property, heat resistance and steam resistance of 
the non-sticking composite material of the present invention can be used particularly effectively, and it is possible to 
inhibit abrasion and scratch of the coating film by brush, etc. 

(d) Inner surface, cover, etc. of noodle boiler for shop use 

[0360] In these applications, non-sticking property, stain-proofing property, heat resistance and hot water resistance 
of the non-sticking composite material of the present invention can be used particularly effectively, and it is possible to 
inhibit abrasion and scratch of the coating film by brush, etc. 

(e) Inner surface, inner surface (metallic portion) and door inner surface of cooking roaster for shop use, pan for range, 
etc. 

[0361 ] In these applications, non-sticking property (for scorching and cohering stains) and heat resistance of the non- 
sticking composite material of the present invention can be used particularly effectively, and it is possible to inhibit abra- 
sion and scratch of the coating film by brush, etc. 

(f) Inner surface, etc. of tableware and can washer for shop use 

[0362] In these applications, non-sticking property, stain-proofing property and hot water resistance of the non-stick- 
ing composite material of the present invention can be used particularly effectively. 

(g) Inner surface, door inner surface, etc. of heating cabinet for shop use 

[0363] In these applications, non-sticking property, stain-proofing property, transparency and heat resistance of the 
non-sticking composite material of the present invention can be used particularly effectively. 
[0364] Further as the cooking apparatuses other than above, to which the non-sticking composite material of the 
present invention can be used preferably, there can be raised the same ones as exemplified in the above-mentioned 
Embodiment 1. 

[2] Office automation-related appliances 

[0365] In office automation-related appliances, in addition to parts where toner is used, there are many other portions 
which are apt to be easily damaged by particularly adhesion of dusts, etc. Mentioned below are non-restricted typical 
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examples thereof. 

(1) Electrophotographic copying machine, facsimile machine, word processor, and other apparatuses with printer mech- 
anism 

5 

[0366] The non-sticking composite material is suitable as a material used for parts, where toner is used or toner pos- 
sibly adheres. Examples of such parts are mentioned below. 

Q Fixing roll 

10 

(a) For monochromatic printing 

[0367J When the non-sticking composite material of the present invention which comprises the metallic substrate 
such as aluminum and SUS and is in the form of roll is used, a fixing roll having excellent non-sticking property against 
is toner and heat resistance can be obtained. Since the coating film of the present invention has excellent adhesive prop- 
erty, no primer need be provided, and processability in production is excellent Further the coating film has high surface 
hardness and excellent durability such as abrasion resistance. 

(b) For both monochromatic printing and color printing 

20 

[0368] 

Substrate: Metallic substrate coated with silicon rubber or urethane rubber and further with silicon oil for mold 
releasing 

25 Fluorine-containing polymer having functional group: I, II, III 
Applying method: Coating or in the form of tube or sheet 

[0369] When the non-sticking composite material of the present invention is used, a fixing roll having excellent non- 
sticking property against toner, mold release property of paper and abrasion resistance can be obtained. Since the 
30 coating film of the present invention has excellent adhesive property, no primer need be provided, and processability in 
production is excellent. 

® Press roll (for both color and monochromatic printing) 
as [0370] 

Substrate: Metallic substrate coated with silicon rubber or urethane rubber 

[0371 ] When the non-sticking composite material of the present invention comprising the above-mentioned substrate 
40 is used, a press roll having excellent non-sticking property against toner and abrasion resistance can be obtained. No 
primer need be provided for the coating film of the present invention, and processability in production is excellent 
because the coating film has good adhesive property. 

© Charged roll (for both color and monochromatic printing) 

45 

[0372] 

Substrate: Urethane rubber-made substrate 

so [0373] When the non-sticking composite material of the present invention comprising the above-mentioned substrate 
is used, a charged roll having excellent non-sticking property against toner, mold release property of paper and abra- 
sion resistance can be obtained. Since the coating film of the present invention has excellent adhesive property, no 
primer need be provided, and processability in production is excellent. 
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@ Transfer roll (for both color and monochromatic printing) 
[0374] 

5 Substrate: Urethane rubber-made substrate 

[0375] When the non-sticking composite material of the present invention comprising the above-mentioned substrate 
is used, a transfer roll having excellent non-sticking property against toner, mold release property of paper and abrasion 
resistance can be obtained. Since the coating film of the present invention has excellent adhesive property, no primer 
w need be provided, and processability in production is excellent. 

© Transfer belt (for both color and monochromatic printing) 

[0376] 

15 

Substrate: Polyimide-made substrate 

[0377] When the non-sticking composite material of the present invention comprising the above-mentioned substrate 
is used, a transfer belt having excellent non-sticking property against toner and abrasion resistance can be obtained. 
20 Since the coating film of the present invention has excellent adhesive property, no primer need be provided, and proc- 
essability in production is excellent 

<§) Separating claw and fixing bearing (surface) 

25 [0378] 

Substrate: Heat resistant resin-made substrate (for example, PPS, polyamideimide, polyether imide, POM, PEEK, 
or the like) 

30 [0379] When the non-sticking composite material of the present invention comprising the above-mentioned substrate 
is used, a separating daw having excellent non-sticking property against toner, abrasion resistance and paper feed 
property and hardly injuring a roll and a fixing bearing having low friction property and excellent abrasion resistance and 
heat resistance can be obtained. Since the coating film of the present invention has excellent adhesive property, no 
primer need be provided, and processability in production is excellent. 

35 

Q) Paper delivery roll and paper delivery guide 
[0380] 

40 Substrate: Resin-made substrate (for example, PPS, polyamideimide, polyether imide, POM, PEEK, or the like) 

[0381 ] When the non-sticking composite material of the present invention comprising the above-mentioned substrate 
is used, a paper delivery roll and paper delivery guide having excellent non-sticking property against toner and abrasion 
resistance can be obtained. Since the coating film of the present invention has excellent adhesive property, no primer 
45 need be provided, and processability in production is excellent. 

[0382] Also the non-sticking composite material of the present invention can be used on the following parts for office 
automation-related apparatuses particularly by making the use of its good transparency. 

(D Cathode ray tube, liquid crystal panel and plasma display (front surface) 

50 

[0383] When this non-sticking composite material is used, a cathode ray tube, liquid crystal panel and plasma display 
having excellent transparency, non-sticking property and stain-proofing property against dust, fingerprint, etc. can be 
obtained. No primer need be provided, and processability in production is excellent. Further the coating film has high 
surface hardness and excellent abrasion resistance and scratch resistance. 

55 

(D Contact glass (surface) 

[0384] When the non-sticking composite material of the present invention is used, a contact glass having excellent 
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transparency, non-sticking property and stain-proofing property against dust, fingerprint, etc., and excellent non-stick- 
ing property against ink eraser, marking ink, etc. can be obtained. Since the coating film of the present invention has 
excellent adhesive property, no primer need be provided, and processability in production is excellent. Further the coat- 
ing film has high surface hardness and excellent abrasion resistance and scratch resistance. 

5 

[3] Building material 

[0385] There are also some building materials which require non-sticking property. Mentioned below are examples of 
such building materials and effects exhibited in addition to non-sticking property. 

w 

0 Glass for building 

[0386] Building glass, polished flat glass for building (window glass), window of stained glass, windshield glass, light 
shielding ratio adjustable glass, etc. 
is [0387] In these applications, transparency, stain-proofing property and flame retardancy of the non-sticking composite 
material of the present invention can be particularly effectively exhibited. 

® Outer wall material, roofing material and interior and exterior materials (made of metal) 

20 [0388] 

(a) Exterior metallic building material for wall, metallic building material, interior and exterior metallic panel for build- 
ing, metallic fence, metallic tile, metallic building panel, etc. 

(b) Metallic roofing material, solar system built-in roofing material, etc. 

25 (c) Metallic door, metallic grating, metallic shutter, metallic fence, metallic porch (for building), etc. 

(d) Metallic blind (for outdoor use), gutter, sash, rain door, etc. 

(e) Metallic ceiling panel, metallic floor tile, metallic wall panel coated with decorative vinyl chloride sheet, etc. 

(f) Metallic parking facilities for cars, metallic object of art, etc. 

30 [0389] In these applications, weather resistance, stain-proofing property and transparency (property for exhibiting 
clear surface pattern) of the non-sticking composite material of the present invention can be used particularly effec- 
tively. 

© Outer wall material, roofing material and interior and exterior materials (non-metallic inorganic material) 

35 

[0390] 

(a) Segmental concrete block or concrete block bonded with a tile or sliced natural stone, segmental concrete road 
pavement board or concrete road pavement board having a surface of rubber material and concrete board which 

40 may be reinforced with GRC (ffoer-reinforced concrete) wall material, etc. 

(b) Extrusion-molded cement such as cement having tile-like surface 

(c) Building stone such as artificial stone 

(d) Building tile, luster-finished tile, floor tile, ceramic tile and border tile made of pottery 

(e) Exterior material for building and for wall such as non-metallic exterior material for building, building material, 
45 building panel and wall tile for building 

(f) Roofing material such as solar system built-in roofing material made of ceramic 

(g) Gravestone and grave-post 

(h) Small sculpture, standing sculpture, image, bust and other object of art made-of stone, concrete or marble 

so [0391 ] In these applications, weather resistance, stain-proofing property, water-proofing property, transparency (prop- 
erty for exhibiting clear surface pattern), processability and adhesive property of the non-sticking composite material of 
the present invention, abrasion resistance thereof in case of above (c) and weathering preventing property thereof in 
cases of (g) and (h) can be used particularly effectively. 

55 
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© Outer wall material, roofing material and interior and exterior materials (made of resin) 
[0392] 

5 (a) Floor panel, ceiling panel, etc. 

(b) Grating, gutter, blind and door including those for indoor use, etc. 

(c) Plastic panel for concrete 

(d) Gasket for building 

(e) Curtain, cover, sunshield, etc. with an insect-proofing, ultraviolet ray and heat shielding and scatter preventing r . 
10 film 

(f) Flooring material made of stone or flooring material made of polyvinyl chloride and having a surface of stone pat- 
tern 

(g) Solar system built-in plastic roofing material 

(h) Sectional polyvinyl chloride tile having clearance and being capable of draining water 
is (i) Synthetic resin sash 

0) Decorative board for counter, furniture, sill, wall panel, bucksplash, baseboard, and wall of bathroom and shower 
room 

0$ Prefabricated assembly set for washstand, shower room, lavatory, transferable toilet, public toilet, etc. 
(I) Prefabricated assembly set for sauna room, garage, etc. 

20 

[0393] In these applications, weather resistance, stain-proofing property, transparency (property for exhibiting clear 
surface pattern), water resistance, processability and adhesive property of the non-sticking composite material of the 
present invention can be used particularly effectively. 

25 © Outer wall material and roofing material (made of wood) 

[0394] 

(a) Timber for household utensils, timber and decorative board for building such as veneer and wooden panel, etc. 
30 (b) Wooden fence, interior door and window frame, etc. 

(c) Wooden panel for building produced by adhering elastic rubber material on the back of plywood 

(d) Wooden assembly set for building 

[0395] In these applications, weather resistance, stain-proofing property, transparency (property for exhibiting clear 
35 surface pattern), water resistance, processability and adhesive property of the non-sticking composite material of the 
present invention can be used particularly effectively. 

® Furniture 

40 [0396] 

(a) Glass showcase, wagon, display wagon, display panel, display stand, meal conveying wagon, flower stand, etc. 

(b) Shelf, screen, desk, sofa, shelf for chest of drawers, etc. 

(c) Telephone booth made of metal or various materials 

45 

[0397] In these applications, stain-proofing property, transparency (property for exhibiting clear surface pattern), water 
resistance and processability of the non-sticking composite material of the present invention and further property for 
preventing paper from being pasted, adhesive property and abrasion resistance thereof in case of above (c) can be 
used particularly effectively. 

so 

@ Apparatuses for household and shop uses 
[0398] 

55 (a) Gas oven with grill, range hood, ventilation hood, etc. 

(b) Metallic duct for central heating, ventilator, air conditioner, etc. 

[0399] In these applications, stain-proofing property, processability and adhesive property of the non-sticking com- 
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posite material of the present invention can be used particularly effectively. 
(§) Housing facilities and apparatuses 
5 [0400] 

(a) Coordinated kitchen units including kitchen range (oven), sink, etc. 

(b) Electrically heated, gas heated and oil heated water heaters (including instantaneous water heater) 

(c) Wall-mounted washbasin, washstand, hair washing appliance for domestic use, washstand with hair washing 
10 function, washbasin for washstand, washbasin with cover, bow window type washstand, etc. 

(d) Flush toilet stool, small size chamber pot for car, urinal, toilet stool with urinalyzer, toilet stool for little children, 
toilet stool with hot water washing function, toilet seat with deodorizing unit and water tank for flush toilet 

In these applications, stain-proofing property, property for exhibiting clear surface pattern (transparency), proc- 
essability, abrasion resistance and anti-bacterial property of the non-sticking composite material of the present 
is invention can be used particularly effectively. 

(e) Lining for bathrooms including shower room, sauna bath for domestic and shop uses, bath tubs such as prefab- 
ricated bath tub, bath tub with bubble generator and bath utensils such as handle mounted on bath tub and soap 
holder 

(f) Escalator, elevator (including those for private houses), etc. 

20 

[0401] In these applications, stain-proofing property, property for exhibiting clear surface pattern (transparency) and 
processability of the non-sticking composite material of the present invention, heat resistance thereof in cases of above 
(a), (b) and (e), abrasion resistance thereof in cases of above (c) to (e) and sliding property and rust preventing property 
thereof in case of above (f) can be used particularly effectively. 

25 

(D Construction 
[0402] 

30 (a) Sign for bus stop, sign for street, sign mounted on guardrail, etc. 

(b) Signals such as luminous signal and mechanical signal 

(c) Guardrail produced by using various materials 

(d) Utility pole produced by using various materials 

(e) Sound-proof wall 

35 (f) Plastic molding panel for concrete for building and construction, etc. 

[0403] In these applications, weather resistance, stain-proofing property, transparency, processability and adhesive 
property of the non-sticking composite material of the present invention and further mold-release property thereof in 
case of above (f) can be used particularly effectively. 

40 

[4] Household electric appliances (excluding cooking apparatuses) 

[0404] In household electric appliances excluding cooking apparatuses, there are many parts thereof which require 
non-sticking property against dusts, oil, etc. Typical examples thereof are mentioned below. 

45 

(J) Ventilation fan (fan, frame, cover, etc.) 
[0405] 

so Substrate: Resin (PR etc.), aluminum, galvanized steel sheet, galvanized steel plate, etc. 

[0406] When the non-sticking composite material of the present invention comprising the above-mentioned substrate 
is used, excellent non-sticking property and removing property against oil stain, cohering stain, etc. can be effectively 
utilized. Particularly the coating film is excellent in transparency and property for exhibiting clear surface pattern, and 
55 abrasion and scratching resulting from cleaning with a brush, etc. can be inhibited. 
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@ Air conditioner (louver and filter of indoor unit, exterior, louver and propeller of outdoor unit, eta) 
[0407] 

s Substrate: Resin (PR etc.), aluminum, galvanized steel sheet, galvanized steel plate 

[0408] When the non-sticking composite material of the present invention comprising the above-mentioned substrate \ 
is used, excellent non-sticking property and removing property against stains such as dusts, soots and nicotine can be. 
effectively utilized. Particularly transparency, property for exhibiting clear surface pattern and processability can be * 
10 improved. 

@ Refrigerator (inside and outside surfaces) 

[0409] 

15 

Substrate: Resin (PP), aluminum, SUS, galvanized steel, sheet, galvanized steel plate, etc. 

[041 0] When the non-sticking composite material of the present invention comprising the above-mentioned substrate 
is used, excellent non-sticking property and removing property against foods, seasoning, cohering stains, etc. can be 
20 effectively utilized. Particularly transparency, property for exhibiting clear surface pattern and processability can be 
improved. 

EMBODIMENT 4 (Weather resistant composite material) 

25 [0411] With respect to building materials such as building glass, various interior and exterior wall materials, roofing 
materials and interior and exterior materials and construction-related materials such as sign, signal, guardrail, utility 
pole and sound-proof wall, since they are used exposed to environment, the surfaces thereof have been required to 
have weather resistance particularly and. stain-proofing property against dust, exhaust gas and rain water, transpar- 
ency and property for exhibiting clear surface pattern. The substrates for these building materials are made of glass. 

30 metal, ceramic, synthetic resin or concrete. Some of them are not subjected to any treatment on their surfaces, but to 
cope with the mentioned requirement, to a surface of the composite materials used for these building materials is . 
applied a fluorine-containing polymer having excellent weather resistance, heat resistance, chemical resistance, corro- 
sion resistance, surface characteristics (non-sticking property, low friction property, etc.). electric insulating property, 
etc. However since the fluorine-containing polymer has not enough adhesion to a surface of substrate such as metal 

35 due to its excellent non-sticking property, it is necessary to (1) use an adhesive or (2) to carry out. on a surface of the 
substrate, sand-blasting or electrochemical etching to make the surface rough for adhering by anchor effect 
[0412] However it is not possible to make the best use of transparency of a glass material and color tone such as 
metal gloss of a metallic substrate, and thus there is a problem with property for exhibiting clear surface pattern, since 
in the method of using an adhesive in above (1), no transparent adhesive having high adhesion and heat resistance is 

40 not available and also since in the method of roughening the surface of substrate in above (2), the surface is significantly 
roughened. Further even if a transparent adhesive is developed, since a fluorine-containing polymer contained in the 
coating film on the surface of the building material is in general soft, when it is applied to an exterior building material, 
etc., foreign matters, dusts and stains easily enter the coating film and therefore cause staining easily. Also the stains 
are difficult to be removed, and thus transparency is lowered and surface pattern of a substrate becomes unclear. 

45 [041 3] To solve that, an attempt to endow the coating film comprising the fluorine-containing polymer with hardness 
by adding a glassy or aluminum-based inorganic filler has been made, but there was a problem that the coating film 
became fragile, transparency was lowered and surface pattern of a substrate became unclear. 
[0414] Also various studies for giving water-repellency to glass have been made for the purpose to repel rain water 
on a window glass or fender mirror of car and make field of view good in rainy days. It is considered that the results of 

so such studies are used in the fields requiring weather resistance. 

[0415] In this regard, there are proposals as cited above (J P-A-4- 124047, JP-A-4-325446, JP-A-5-24885, JP-A-4- 
359086, JP-A-5-1 70486, JP-A-5-213633, JP-A-5-51238. JP-A-6-329442, JP-A-6-340451 . JP-A-7- 102207, and JP-A-7- 
157335). 

[0416] However as mentioned above, even by those conventional sol-gel methods, a weather resistant coating film 
55 having excellent transparency, abrasion resistance, heat resistance, water- and oil-repellency and scratch resistance 
has not been obtained. 

[0417] The weather resistant composite material obtained by applying the coating composition of the present inven- 
tion to a substrate can be used for various appliances, utensils and building materials firstly because excellent weather 
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resistance can be maintained for a long period of time, secondly because the fine particles of the fluorine-containing 
ethylenic polymer (A) having functional group are uniformly dispersed in the coating film comprising the metal oxide (B) 
due to their good interfacial adhesion and the coating film has enough hardness, transparency and adhesive property, 
and thirdly because the coating film comprising the fluorine-containing ethylenic polymer (A) having functional group 
5 and metal oxide (B) has good heat resistance, abrasion resistance, scratch resistance, stain-proofing property, water- 
repellency. anti-bacterial property, etc. 

[0418] The present invention can provide the weather resistant composite material comprising a substrate and, on a 
surface of the substrate, a coating film which comprises fine particles of the fluorine-containing ethylenic polymer (A) 
having functional group prepared by copolymerizing 

10 

(a) 0.05 to 50 % by mole of at least one of fluorine-containing ethylenic monomers having at least one functional 
group selected from hydroxyl, carboxyl, a carboxylic salt group, a carboxylic ester group and epoxy and 

(b) 50 to 99.95 % by mole of at least one of fluorine-containing ethylenic monomers having no functional group 
mentioned above and the metal oxide (B); the fine particles of the polymer (A) are contained in dispersed state in 

15 the metal oxide (B) layer. 

[0419] Also the present invention can provide the above-mentioned weather resistant composite material, in which 
the fluorine-containing ethylenic monomer (a) having functional group is at least one of fluorine-containing ethylenic 
monomers having functional group and represented by the formula (1): 

20 

CX 2 =CX 1 -R r Y (1) 

wherein Y is -CH 2 OH, -COOH, a carboxylic salt group, a carboxylic ester group or epoxy, X and X 1 are the same or dif- 
ferent and each is hydrogen atom or fluorine atom, R f is a divalent fluorine-containing alkylene group having 1 to 40 car- 
25 bon atoms, a fluorine-containing oxyalkylene group having 1 to 40 carbon atoms, a fluorine-containing alkylene group 
having ether group and 1 to 40 carbon atoms or a fluorine-containing oxyalkylene group having ether bond and 1 to 40 
carbon atoms. 

[0420] Also the present invention can provide the above-mentioned weather resistant composite material, in which 

the fluorine-containing ethylenic polymer (A) having functional group is the above-mentioned polymer (I). 
30 [0421] Also the present invention can provide the above-mentioned weather resistant composite material, in which 

the fluorine-containing ethylenic polymer (A) having functional group is the above-mentioned polymer (II). 

[0422] Also the present invention can provide the above-mentioned weather resistant composite material, in which 

the fluorine-containing ethylenic polymer (A) having functional group is the above-mentioned polymer (III). 

[0423] Also the present invention can provide the above-mentioned weather resistant composite material, in which 
35 the metal oxide (B) is a silicon oxide. 

[0424] Also the present invention can provide the above-mentioned weather resistant composite material, in which 

the metal oxide (B) is an aluminum oxide. 

[0425] Also the present invention can provide the above-mentioned weather resistant composite material, in which 
the metal oxide (B) is a titanium oxide. 
40 [0426] Also the present invention can provide the above-mentioned weather resistant composite material, in which 
the substrate is a metallic substrate. 

[0427] Also the present invention can provide the above-mentioned weather resistant composite material, in which 
the substrate is a non- metallic inorganic substrate. 

[0428] Also the present invention can provide the above-mentioned weather resistant composite material, in which 
45 the substrate is a glass substrate. 

[0429] Also the present invention can provide the above-mentioned weather resistant composite material, in which 
the substrate is a concrete substrate. 

[0430] Also the present invention can provide the above-mentioned weather resistant composite material, in which 
the substrate is a cement substrate. 
so [0431] Also the present invention can provide the above-mentioned weather resistant composite material, in which 
the substrate is a tile substrate. 

[0432] Also the present invention can provide the above-mentioned weather resistant composite material, in which 
the substrate is a ceramic substrate. 

[0433] Also the present invention can provide the above-mentioned weather resistant composite material, in which 
55 the substrate is a synthetic resin substrate. 

[0434] In principle the above-mentioned descriptions regarding the coating composition, coating film and methods for 
production thereof are applied to the weather resistant composite material of the present invention. Explained below are 
particularly pref erabl e embodiments thereof. 
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[0435] Examples of the substrate usually used for the weather resistant composite material of the present invention 
are metallic plates of aluminum, stainless steel, iron and titanium; metallic plates subjected to hot-dip zinc plating, alu- 
minum plating, etc.; metallic plates subjected to chemical conversion treatment such as oxidation with chromic acid, 
phosphoric acid, etc.; alumite-treated metallic plates subjected to anodizing; and the like. 

[0436] Examples of the non-metallic inorganic substrate used usually are glass substrates such as crystallized glass, 
foam glass, heat reflecting glass, heat absorbing glass and multi-layered glass; ceramic substrates such as tile, large 
size pottery board, ceramic panel and brick; natural stones such as granite and marble; concrete substrates such as 
high strength concrete, glass fiber-reinforced concrete (GRC), carbon fiber-reinforced concrete (CFRC), lightweight 
aerated concrete (ALC) and composite ALC; cement substrates such as extrusion molded cement and composite 
molded cement; asbestos slate; enamelled steel plate; and the like. 

[0437] Further examples of the synthetic resin substrate used are polycarbonate, polyester resin, acrylic resin, vinyl 
chloride resin, artificial marble (mainly comprising unsaturated polyester resin or acrylic resin), steel plates coated with 
vinyl chloride resin, acrylic resin or urethane resin, and the like. 

[0438] Among them, where transparency is required, the non-metallic inorganic substrate of glass and the synthetic 
resin substrate of acrylic resin and polycarbonate are usually used. 

[0439] A thickness of the metal oxide coating film of the above-mentioned weather resistant composite material of the 
present invention varies depending on kind and portion of appliances and utensils to which the film is applied. The thick- 
ness is from 0.01 to 100 nm, preferably from 0. 1 to 70 jun, particularly preferably from 1 to 50 jim. 
[0440] Appliances, utensils, building materials and portions thereof where the weather resistant composite material 
of the present invention can be used are raised and classified below by the fields applied, but are not limited to them. 

[1] Building material 

[0441] Building materials are exposed to the sun and weather, and therefore many of them require weather resist- 
ance. Mentioned below are examples of building materials and effects exhibited in addition to weather resistance. 

Q) Glass for building 

[0442] Building glass, polished flat glass for building (window glass), window of stained glass, windshield glass, light 
shielding ratio adjustable glass, etc. 

[0443] In these applications, transparency, stain-proofing property and flame retardancy of the weather resistant com- 
posite material of the present invention can be used particularly effectively. 

@ Outer wall material, roofing material and exterior materials (made of metal) 
[0444] 

(a) Exterior metallic building material for wall, metallic building material, exterior metal panel for building, metallic 
fence, metallic tile, metallic building panel, etc. 

(b) Metallic roofing material, solar system built-in roofing material, etc. 

(c) Metallic door, metallic grating, metallic shutter, metallic fence, metallic porch (for building), etc. 

(d) Metallic blind (for outdoor use), gutter, sash, rain door, etc. 

(e) Metallic ceiling panel, metallic floor tile, metallic wall panel coated with decorative vinyl chloride sheet, etc. 

(f) Metallic parking facilities for cars, metallic object of art, etc. 

[0445] In these applications, non-sticking property, stain-proofing property and transparency (property for exhibiting 
clear surface pattern) of the weather resistant composite material of the present invention can be used particularly 
effectively. 

® Outer wall material, roofing material and exterior material (non-metallic inorganic material) 
[0446] 

(a) Segmental concrete block or concrete block bonded with a tile or sliced natural stone, segmental concrete road 
pavement board and concrete road pavement board having a surface of rubber material and concrte board which 
may be reinforced with GRC (fiber-reinforced concrete) wall material, etc. 

(b) Extrusion-molded cement such as cement having tile-like surface 

(c) Building stone such as artificial stone 



47 



EP0909800A1 



(d) Building tile, luster-finished tile, floor tile, ceramic tile and border tile made of pottery 

(e) Non-metallic exterior material for building and for wall such as exterior material for building, building material, 
building panel and wall tile for building 

(f) Roofing material such as solar system built-in roofing material made of ceramic 

(g) Gravestone and grave post 

(h) Small sculpture, standing sculpture, image, bust and other object of art made of stone, concrete or marble 

[0447] In these applications, non-sticking property, stain-proofing property, water-proofing property, transparency 
(property for exhibiting clear surface pattern), processability and adhesive property of the weather resistant composite 
material of the present invention, abrasion resistance thereof in case of above (c) and weathering preventing property 
thereof in cases of (g) and (h) can be used particularly effectively. 

@> Outer wall material, roofing material and exterior material (made of resin) 

[0448] 

(a) Floor panel, ceiling panel, etc. 

(b) Grating, gutter, blind and door including those for indoor use, etc. 

(c) Plastic panel for concrete 

(d) Gasket for building 

(e) Curtain, cover, sunshield, etc. with an insect-proofing, ultraviolet ray and heat shielding and scatter preventing 
film 

(f) Flooring material made of stone or flooring material made of polyvinyl chloride and having a surface of stone pat- 
tern 

(g) Solar system built-in plastic roofing material 

(h) Sectional polyvinyl chloride tile having clearance and being capable of draining water 

(i) Synthetic resin sash 

[0449] In these applications, non-sticking property, stain-proofing property, transparency (property for exhibiting clear 
surface pattern), water resistance, processability and adhesive property of the weather resistant composite material of 
the present invention can be used particularly effectively. 

© Outer wall material and roofing material (made of wood) 

[0450] 

(a) Timber for household utensils, timber and decorative board for building such as veneer and wooden panel, etc. 

(b) Wooden fence, interior door and window frame, etc. 

(c) Wooden material for building produced by adhering elastic rubber material on the back of plywood 

(d) Wooden assembly set for building 

[0451 ] In these applications, non-sticking property, stain-proofing property, transparency (property for exhibiting clear 
surface pattern), water resistance, processability and adhesive property of the weather resistant composite material of 
the present invention can be used particularly effectively. 

<D Construction 

[0452] 

(a) Sign for bus stop, sign for street, sign mounted on guardrail, etc. 

(b) Signals such as luminous signal and mechanical signal 

(c) Guardrail produced by using various materials 

(d) Utility pole produced by using various materials 

(e) Sound-proof wall 

(f) Plastic molding pane for concrete for building and construction, etc. 

[0453] In these applications, weather resistance, stain-proofing property, transparency, processability and adhesive 
property of the weather resistant composite material of the present invention and further mold-release property thereof 



48 



EP 0 909 800 A1 



in case of above (f) can be used particularly effectively. 
[2] Solar battery 

5 [0454] In the field of solar batteries, since they are used continuously being exposed to the sun and weather, both the 
whole solar battery module and parts thereof require weather resistance. Mentioned below are examples of the parts 
of solar batteries to which the weather resistant composite material of the present invention can be applied, and effects 
exhibited in addition to weather resistance. 

io ® Cover for solar battery 

[0455] 

Application: Outermost surface 
is Substrate: Amorphous silicon, monocrystal, polycrystal silicon, filler layer (EVA, glass, etc.) 
Fluorine-containing polymer having functional group: I, II, III 
Applying method: Coating 

Effect: Transparency, weather resistance, stain-proofing property, flame retardancy 
20 [3] Car 

[0456] With respect to car-related parts, too, since exterior materials such as body and glass are exposed to the sun 
and weather like the building materials, weather resistance is required for them. Mentioned below are examples of car- 
related applications and effects exhibited in addition to weather resistance. 

25 

® Car and train 
[0457] 

30 Application: Body 

Substrate: Coated surfaces of steel plate, other metal, acrylic resin, etc. 
Fluorine-containing polymer having functional group: I, II, III 
Applying method: Coating or in the form of film 

Effect: Processability, transparency, property for exhibiting clear surface pattern, stain-proofing property, stain 
35 removing property 

© Glass for car and train 

[0458] 

40 

Application: Window, windshield, rear glass, side window 
Substrate: Glass 

Fluorine-containing polymer having functional group: I, II, III 
Applying method: Coating or in the form of film 
45 Effect: Transparency, processability, stain-proofing property, stain removing property, water-repellency, scatter pre- 
venting property 

© Lights (headlight, taillight, turn signal) 

so [0459] 

Application: Surface of cover, bulb surface 
Substrate: Glass, polycarbonate 

Fluorine-containing polymer having functional group: I, II, III 
55 Applying method: Coating or in the form of film 

Effect: Weather resistance, stain-proofing property, processability. water-repellency. 
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® Wheel 
[0460] 

5 Application: Surface 

Substrate: Aluminum, cast iron, resin (PR ABS, PC. PPE, alloys) 
Fluorine-containing polymer having functional group: I, II, III 
Applying method: Coating 

Effect: Weather resistance, stain-proofing property, transparency, property for exhibiting clear surface pattern, 
10 processability 

[4] Others 

® Insulators and pantograph 

[0461] 

Application: Surface 
Substrate: Ceramic 
20 Fluorine-containing polymer having functional group: I, II, III 
Applying method: Coating 

Effect: Processability, weather resistance, stain-proofing property 
EMBODIMENT 5 (Composite material having sliding property) 

25 

[0462] In the field of domestic appliances, since, for example, a flat iron is used with its heating surface being pressed 
and slided on clothes, so-called sliding properties such as low friction property and abrasion resistance are required 
and it has been desired to use materials having excellent sliding properties for such applications. 
[0463] To satisfy such requirement, for example, a fluorine-containing polymer having excellent sliding properties 

30 such as low friction property, heat resistance, chemical resistance, corrosion resistance, weather resistance, non-stick- 
ing property, electric insulating property, etc. has been applied to a heating surface of a flat iron, etc. However the fluo- 
rine-containing polymer has insufficient adhesion to a metal surface due to its excellent non-sticking property. Therefore 
it is necessary to (1) use an adhesive or (2) carry out sand-blasting or etching by electrochemical method on a surface 
of a substrate to make the surface rough for adhering by anchor effect. 

35 [0464] However it is not possible to make the best use of transparency of a glass substrate and color tone of a metallic 
substrate and thus there is a problem with property for exhibiting clear surface pattern, since in the method using an 
adhesive like the method (1), no transparent adhesive having heat resistance and high adhesive property is available, 
and also since in the method for making the substrate surface rough like the method (2), the substrate surface is made 
rough significantly. Further even if a transparent adhesive is developed, since a fluorine-containing polymer composing 

40 a coating film on a sliding surface is soft, for example, due to friction and abrasion during long term use. the coating film 
on a sliding surface is injured and thus transparency is lowered and a surface pattern of a substrate becomes unclear, 
or due to abrasion, inherent sliding properties (low friction property), non-sticking property and water-repellency of a flu- 
orine-containing polymer are lowered. 

[0465] To prevent them, there have been made trials to endow the coating film comprising a fluorine-containing pol- 
45 ymer with hardness by adding a glassy or aluminum-based inorganic filler. However there were problems that the coat- 
ing film became fragile, transparency was lowered and a surface pattern of a substrate became unclear. 
[0466] Also for the purpose to repel rain water attached to a window glass and fender mirror of a car in rainy days and 
make field of view clear, various studies have been made to give water-repellency to glass, and it has been considered 
to use the results thereof in the fields requiring sliding properties (low friction property). 
so [0467] Accordingly, the above-mentioned proposals have been made (in JP-A-4-1 24047, JP-A-4-325446, JP-A-5- 
24885, JP-A-4-359086. J P-A-5- 170486, JP-A-5-213633, JP-A-5-51238, JP-A-6-329442. JP-A-6-340451, JP-A-7- 
102207. JP-A-7-1 57335). 

[0468] However as mentioned above, even by these conventional sol-gel methods, coating films having excellent 
transparency, heat resistance, water- and oil-repellency, scratch resistance and sliding properties such as low friction 
55 property and abrasion resistance have not been obtained. 

[0469] The composite material having sliding property which is obtained by applying the coating composition of the 
present invention to the substrate can be used on various appliances, utensils, etc. firstly because excellent sliding 
property can be maintained for a long period of time, secondly because fine particles of the fluorine-containing ethylenic 
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polymer (A) having functional group are dispersed uniformly because of their good irrterfacial adhesion in the coating 
film comprising the metal oxide (B) and the coating film has enough hardness, transparency and adhesive property, and 
thirdly because the coating film comprising the fluorine-containing ethylenic polymer (A) having functional group and 
the metal oxide (B) has good heat resistance, scratch resistance, stain-proofing property, water-repellency and anti- 
bacterial property. 

[0470] The present invention can provide a composite material having sliding property produced by applying, on a 
surface of the substrate, a coating film which comprises the metal oxide (B) and the fine particles of the fluorine-con- 
taining ethylenic polymer (A) having functional group prepared by copolymerizing: 

(a) 0.05 to 50 % by mole of at least one of fluorine-containing ethylenic monomers having at least one functional 
group selected from the group consisting of hydroxy!, carboxyl, a carboxylic salt group, a carboxylic ester group and 
epoxy, and 

(b) 50 to 99.95 % by mole of a fluorine-containing ethylenic monomer having no functional group mentioned above; 
the fine particles of the polymer (A) are contained in dispersed state in the metal oxide (B) layer. 

[0471] Also the present invention can provide a composite material having sliding property, in which the above-men- 
tioned fluorine-containing ethylenic monomer (a) having functional group is at least one of fluorine-containing ethylenic 
monomers having functional group and represented by the formula (1): 

CX 2 =CX 1 -R r Y (1) 

wherein Y is -CH 2 OH, -COOH, a carboxylic salt group, a carboxylic ester group or epoxy, X and X 1 are the same or dif- 
ferent and each is hydrogen atom or fluorine atom, R f is a divalent fluorine-containing alkylene group having 1 to 40 car- 
bon atoms, a fluorine-containing oxyalkylene group having 1 to 40 carbon atoms, a fluorine-containing alkylene group 
having ether group and 1 to 40 carbon atoms or a fluorine-containing oxyalkylene group having ether bond and 1 to 40 
carbon atoms. 

[0472] Also the present invention can provide the composite material having sliding property, in which the above-men- 
tioned fluorine-containing polymer (A) having functional group is the polymer (I). 

[0473] Also the present invention can provide the composite material having sliding property, in which the above-men- 
tioned fluorine-containing polymer (A) having functional group is the polymer (II). 

[0474] Also the present invention can provide the composite material having sliding property, in which the above-men- 
tioned metal oxide (B) is a silicon oxide. 

[0475] Also the present invention can provide the composite material having sliding property, in which the above-men- 
tioned metal oxide (B) is an aluminum oxide. 

[0476] Also the present invention can provide the composite material having sliding property, in which the above-men- 
tioned metal oxide (B) is a titanium oxide. 

[0477] Also the present invention can provide the composite material having sliding property, in which the above-men- 
tioned substrate is a metallic substrate. 

[0478] Also the present invention can provide the composite material having sliding property, in which the above-men- 
tioned substrate is a glass substrate. 

[0479] Also the present invention can provide the composite material having sliding property, in which the above-men- 
tioned substrate is a synthetic resin substrate. 

[0480] Also the present invention can provide the composite material having sliding property, in which the above-men- 
tioned substrate is a ceramic substrate. 

[0481] In principle the above-mentioned descriptions regarding the coating composition, coating film and methods for 
production thereof are applied to the composite material having sliding property of the present invention. Explained 
below are particularly preferable embodiments thereof. 

[0482] As the substrate for the composite material having sliding property of the present invention, all the substrates 
mentioned above can be used. Examples of the substrate used particularly widely as a metallic substrate are, for 
instance, 

® cold rolled steel sheet, 

@ plated steel sheet, for example, Zn-plated steel sheet, Zn alloy-plated steel sheet, Al-plated steel sheet, Al alloy- 
plated steel sheet, Cr-plated steel sheet (TFS), Ni-plated steel sheet, Cu-plated steel sheet, galvanized steel sheet, 
etc., 

® aluminum sheet, 

@ titanium sheet, 

© stainless steel sheet, 
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and the like. 

[0483] In addition, where transparency is required, the ceramic substrate of glass and the resin substrate of acrylic 
resin and polycarbonate are usually used. 

[0484] A thickness of the metal oxide coating film of the composite material having sliding property of the present 
5 invention varies depending on kind and portion of appliances and utensils to which the film is applied. The thickness is 
from 0.01 to 100 pm, preferably from 0.01 to 50 urn, particularly preferably from 0.02 to 20 um. 
[0485] Mentioned below are non-restricted examples of appliances, utensils and parts thereof, to which the composite 
material having sliding property of the present invention can be suitably used. Those appliances, utensils and parts 
thereof are classified by fields they belong to. 

10 

[1] Office automation-related apparatuses 

[0486] In office automation-related apparatuses, there are many parts such as parts contacting feeding paper, which 
are desired to have excellent sliding properties such as abrasion resistance and low friction property. Mentioned below 
is are non-restricted examples thereof and effects exhibited in addition to the sliding property. 

® Electrophotographic copying machine, facsimile machine 

[0487] The composite material having sliding property is suitable as a material used for parts for feeding paper. Exam- 
20 pies of such parts are mentioned below. 

(a) Separating claw and fixing bearing (surface) 
[0488] 

25 

Substrate: Heat resistant resin-made substrate (for example, PPS, polyamideimide, polyether imide, POM, PEEK, 
or the like) 

Fluorine-containing polymer having functional group: I, II 
Applying method: Coating 

30 

[0489] When this composite material having sliding property is used, a separating claw having excellent non-sticking 
property against toner, abrasion resistance and paper feed property and hardly injuring a roll and a fixing bearing hav- 
ing low friction property and excellent abrasion resistance and heat resistance can be obtained. Since the fluorine-con- 
taining polymer having functional group has excellent adhesive property, no primer need be provided, and 
35 processability in production is excellent. 

(b) Paper delivery roll and paper delivery guide } 
[0490] 

40 

Substrate: Resin-made substrate (for example, polyether sulfide, polyamideimide, polyether imide, POM, PEEK, or 
the like) 

Fluorine-containing polymer having functional group: I, II 
Applying method: Coating 

45 

[0491 ] When the composite material having sliding property of the present invention is used, a paper delivery roll and 
paper delivery guide having excellent non-sticking property for toner and abrasion resistance can be obtained. Since 
the fluorine-containing polymer having functional group has excellent adhesive property, no primer need be provided, 
and processability in production is excellent. 

50 

[2] Domestic electric appliances 

[0492] With respect to domestic electric appliances, there are many parts thereof which are desired to have sliding 
properties including abrasion resistance, etc. Mentioned below are examples of the domestic appliance and effects 
55 exhibited in addition to the sliding properties. Accordingly the present invention also relates to these parts and domestic 
electric appliances. 
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© Flat iron 
[0493] 

5 Application: Heating surface 
Substrate: SUS, steel plate 

Fluorine-containing polymer having functional group: I, II 
Applying method: Coating 

10 [0494] In these applications, heat resistance, processability and property for exhibiting clear surface pattern which the 
composite material having sliding property of the present invention possesses can be used particularly effectively 

[3] Housing facilities and equipment 

is [0495] In the housing facilities and equipment, too. since easy handling when used is desired, there are many parts 
which are required to have sliding properties including abrasion resistance and low friction property. Mentioned below 
are examples of the housing facilities and equipment and parts thereof and also effects exhibited in addition to the slid- 
ing properties. Accordingly the present invention also relates to these housing facilities and equipment and parts 
thereof. 

20 

© Escalator 
[0496] 

25 Application: Surface of skirt (prevention from being caught into a machine) 
Substrate: SUS, steel plate 

Fluorine-containing polymer having functional group: I, II 
Applying method: Coating 

30 [0497] In these applications, processability, property for exhibiting clear surface pattern and weather resistance which 
the composite material having sliding property of the present invention possesses can be used particularly effectively. 

[4] Cars 

35 [0498] In engines and gears of cars, there are many parts which are required to have sliding properties, heat resist- 
ance and chemical resistance. 

© Rotary engine 

40 [0499] 

Application: Inner wail 
Substrate: Aluminum, steel plate 
Fluorine-containing polymer having functional group: 1, 1 1 
45 Applying method: Coating 

[0500] In these applications, processability, heat resistance, non-sticking property and stain-proofing property which 
the composite material having sliding property of the present invention possesses can be used particularly effectively. 

so @ Piston, piston ring 

[0501] 

Application: Surface 
55 Substrate: Aluminum, steel plate 

Fluorine-containing polymer having functional group: I, II 
Applying method: Coating 
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[0502] In these applications, processability and heat resistance which the composite material having sliding property 
of the present invention possesses can be used particularly effectively. 

® Throttle shaft 

[0503] 

Application: Surface 
Substrate: Aluminum, iron-based metal 
Fluorine-containing polymer having functional group: I, II 
Applying method: Coating 

[0504] In these applications, processability and heat resistance which the composite material having sliding property 
of the present invention possesses can be used particularly effectively 

[0505] In addition, the composite material having sliding property of the present invention can give sliding property on 
steering , hinge pin, gears, brake shoe, bearing retainer , etc. when applied to the surfaces thereof in the form of coat- 
ing. 

[5] Others 

(3) Bolts and nuts 

[0506] 

Application: Surface 
Substrate: Iron 

Fluorine-containing polymer having functional group: I, II 
Applying method: Coating 

[0507] in these applications, processability, rust-proofing property, chemical resistance and workability at low torque 
which the composite material having sliding property of the present invention possesses can be used particularly effec- 
tively. 

@ Cutlery such as scissors, saw and knife 
[0508] 

Application: Surface of edge 
Substrate: Iron 

Fluorine-oontaining polymer having functional group: I, II 
Applying method: Coating 

[0509] in these applications, non-sticking property, stain-proofing property, processability and cutting capability at low 
load which the composite material having sliding property of the present invention possesses can be used particularly 
effectively. 

® Parts for pump 

[0510] 

Application: Inner surface and outer surface of plunger, gear surface 
Substrate: Aluminum, iron 

Fluorine-containing polymer having functional group: I, II 
Applying method: Coating, film 

[051 1 J In these applications, chemical resistance, processability and abrasion resistance which the composite mate- 
rial having sliding property of the present invention possesses can be used particularly effectively. 
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<§) Parts for air conditioner (car air conditioner, room air conditioner, etc.) 
[0512] 

Application: Piston ring, tip seal 
Substrate: Aluminum, iron 

Fluorine-containing polymer having functional group: I, II 
Applying method: Coating 

[051 3] In these applications, processability and chemical resistance which the composite material having sliding prop- 
erty of the present invention possesses can be used particularly effectively. 

[051 4] In addition, the composite material having sliding property of the present invention can be applied to parts for 
vending machine, parts for camera, parts for medical apparatuses (gastocamera. etc.), parts for clock, parts for agricul- 
tural machines, oilless bearing for mechanical industry, etc. 

EM BOD IMENT 6 (composite material for cooking apparatuses) 

[0515] With respect to cooking apparatuses represented by griddle and rice cooker, it is desired that cooking can be 
done at higher temperature for shortening of cooking time and to pursue good taste of cooked dishes. Also it is desired 
that stains such as oil and scorch can be easily removed so as to clean these apparatuses after the cooking and that 
the surfaces of the apparatuses are free from scratches by cleaning with a brush, spatula, etc. during long term use. 
Further good property for exhibiting clear surface pattern is also desired from the viewpoint of appearance thereof. 
[0516] In order to meet such requirement, as the composite material used for cooking apparatuses, a fluorine-con- 
taining polymer which is excellent in heat resistance, chemical resistance, corrosion resistance, weather resistance, 
surface properties (non-sticking property, low friction property, etc.) and electric insulating property is used on a heating 
surface of cooking apparatuses such as rice cooker or electric griddle. However the fluorine-containing polymer has 
insufficient adhesion to a metal surface due to its excellent non-sticking property. Therefore it is necessary to (1) use an 
adhesive or (2) carry out. on a surface of a substrate, sand-blasting or etching by electrochemical method to make the 
surface rough for adhering by anchor effect. 

[051 7] However it is not possible to make the best use of transparency of a glass substrate and color tone of a metallic 
substrate and thus there is a problem with property for exhibiting clear surface pattern, since in the method using an 
adhesive like the method (1), no transparent adhesive having heat resistance and high adhesion is available, and also 
since in the method for making the substrate surface rough (ike the method (2), the substrate surface is made rough 
significantly. Further even if a transparent adhesive is developed, since a fluorine-containing polymer composing a coat- 
ing film on a heating surface of cooking apparatuses, etc. is soft, for example, due to long term use or by cleaning with 
a spatula or brush, the coating film on a heating surface is injured and thus transparency is lowered and a surface pat- 
tern of a substrate becomes unclear, or for example, due to abrasion, inherent non-sticking property and water-repel- 
lency of a fluorine-containing polymer are lowered. 

[0518] To solve them, there have been made trials to endow the coating film comprising fluorine-containing polymer 
with hardness by adding a glassy or aluminum-based inorganic filler. However there were problems that the coating film 
became fragile, transparency was lowered and a surface pattern of a substrate became unclear. 
[0519] To cope with these problems, the proposals have been made (in JP-A-4-1 24047, JP-A-4-325446, JP-A-5- 
24885, JP-A-4-359086, JP-A-5-1 70486, JP-A-5-213633, JP-A-5-51238, JP-A-6-329442, JP-A-6-340451 , JP-A-7- 
102207, JP-A-7-1 57335). 

[0520] However as mentioned above, even by these conventional sol-gel methods, coating films having excellent 
transparency, abrasion resistance, heat resistance, oil- and water-repellency and scratch resistance have not been 
obtained. 

[0521] The composite material for cooking apparatuses which is obtained by applying the coating composition of the 
present invention to the substrate can be used on various cooking apparatuses firstly because fine particles of the flu- 
orine-containing ethylenic polymer (A) having functional group are dispersed uniformly because of their good interfacial 
adhesivity in the coating film comprising the metal oxide (B) and the coating film has enough hardness, transparency 
and adhesive property, and secondly because the coating film comprising the fluorine-containing ethylenic polymer (A) 
having functional group and the metal oxide (B) has good non-sticking property, heat resistance, abrasion resistance, 
scratch resistance, stain-proofing property, water-repellency and anti-bacterial property. 

[0522] The present invention can provide the composite material for cooking apparatuses comprising a substrate and 
a coating film thereon which comprises the metal oxide (B) and the fine particles of the fluorine-containing ethylenic pol- 
ymer (A) having functional group prepared by copolymerizing: 
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(a) 0.05 to 50 % by mole of at least one of fluorine-containing ethylenic monomers having at least one functional 
group selected from the group consisting of hydroxyl, carboxyl, a carboxylic salt group, a carboxylic ester group and 
epoxy, and 

(b) 50 to 99,95 % by mole of at least one of fluorine-containing ethylenic monomers having no functional group 
5 mentioned above; the fine particles of the polymer (A) are contained in dispersed state in the metal oxide (B) layer. 

[0523] Also the present invention can provide the composite material, in which the above-mentioned fluorine-contain- 
ing ethylenic monomer (a) having functional group is at least one of fluorine-containing ethylenic monomers having 
functional group and represented by the formula (1): 

10 

CX 2 =CX 1 -R r Y (1) 

wherein Y is -CH 2 OH, -COOH, a carboxylic salt group, a carboxylic ester group or epoxy, X and X 1 are the same or dif- 
ferent and each is hydrogen atom or fluorine atom, R f is a divalent fluorine-containing alkylene group having 1 to 40 car- 
15 bon atoms, a fluorine-containing oxyalkylene group having 1 to 40 carbon atoms, a fluorine-containing alkylene group 
having ether group and 1 to 40 carbon atoms or a fluorine-containing oxyalkylene group having ether bond and 1 to 40 
carton atoms. 

[0524] Also the present invention can provide the composite material for cooking apparatuses, in which the above- 
mentioned fluorine-containing polymer (A) having functional group is the polymer (I). 
20 [0525] Also the present invention can provide the composite material for cooking apparatuses, in which the above- 
mentioned fluorine-containing polymer (A) having functional group is the polymer (II). 

[0526] Also the present invention can provide the composite material for cooking apparatuses, in which the above- 
mentioned fluorine-containing polymer (A) having functional group is the polymer (III). 

[0527] Also the present invention can provide the composite material for cooking apparatuses, in which the above- 
25 mentioned metal oxide (B) is a silicon oxide. 

[0528] Also the present invention can provide the composite material for cooWn apparatuses, in which the above-men- 
tioned metal oxide (B) is an aluminum oxide. 

[0529] Also the present invention can provide the composite material for cooking apparatuses, in which the above- 
mentioned metal oxide (B) is a titanium oxide. 
30 [0530] Also the present invention can provide the composite material for cooking apparatuses, in which the above- 
mentioned substrate is a metallic substrate. 

[0531 ] Also the present invention can provide the composite material for cooking apparatuses, in which the above- 
mentioned substrate is a glass substrate. 

[0532] Also the present invention can provide the composite material for cooking apparatuses, in which the above- 
35 mentioned substrate is a synthetic resin substrate. 

[0533] Also the present invention can provide the composite material for cooking apparatuses, in which the above- 
mentioned substrate is a ceramic substrate. 

[0534] Also the present invention can provide cooking apparatuses produced by using the composite material for 
cooking apparatuses. 

40 [0535] Also the present invention can provide heating apparatuses for cooking produced by using the composite 
material for cooking apparatuses. 

[0536] Also the present invention can provide a griddle produced by using the composite material for cooking appa- 
ratuses. 

[0537] Also the present invention can provide a griddle produced by applying the composite material for cooking 
45 apparatuses to its heating surface made of metal. 

[0538] Also the present invention can provide a griddle produced by applying the composite material for cooking 
apparatuses to its glass lid. 

[0539] Also the present invention can provide a range with oven produced by using the composite material for cooking 
apparatuses. 

so [0540] Also the present invention can provide a range with oven produced by applying the composite material for 
cooking apparatuses to its inner surface made of metal. 

[0541 ] Also the present invention can provide a range with oven produced by using the composite material for cooking 
apparatuses on its cooking plate. 

[0542] Also the present invention can provide a range with oven produced by using the composite material for cooking 
55 apparatuses on its glass door. 

[0543] Also the present invention can provide a heating pot produced by using the composite material for cooking 
apparatuses. 

[0544] Also the present invention can provide a heating pot produced by applying the composite material for cooking 
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apparatuses to its heating surface made of metal. 

[0545] Also the present invention can provide a heating pan produced by applying the composite material for cooking 
apparatuses to its glass lid. 

[0546] Also the present invention can provide a frying pan produced by using the composite material for cooking 
apparatuses. 

[0547] Also the present invention can provide a frying pan produced by applying the composite material for cooking 
apparatuses to its heating surface made of metal. 

[0548] Also the present invention can provide a fryer produced by using the composite material for cooking appara- 
tuses. 

[0549] Also the present invention can provide a fryer produced by applying the composite material for cooking appa- 
ratuses to its inner surface made of metal. 

[0550] Also the present invention can provide a fryer produced by applying the composite material for cooking appa- 
ratuses to its inner surface made of glass. 

[0551] Also the present invention can provide a rice cooker produced by using the composite material for cooking 
apparatuses. 

[0552] Also the present invention can provide a rice cooker produced by applying the composite material for cooking 
apparatuses to its inner surface made of metal. 

[0553] Also the present invention can provide a rice cooker produced by applying the composite material for cooking 
apparatuses to its inner lid made of metal. 

[0554] Also the present invention can provide a pot produced by using the composite material for cooking appara- 
tuses. 

[0555] Also the present invention can provide a pot produced by applying the composite material for cooking appara- 
tuses to its inner surface made of metal . 

[0556] Also the present invention can provide a pot produced by applying the composite material for cooking appara- 
tuses to its inner lid made of metal. 

[0557] Also the present invention can provide a tableware or vessel produced by using the composite material for 
cooking apparatuses. 

[0558] Also the present invention can provide a metallic tableware or vessel produced by using the composite material 
for cooking apparatuses. 

[0559] Also the present invention can provide a glass tableware or vessel produced by using the composite material 
for cooking apparatuses. 

[0560] Also the present invention can provide a cooking apparatus for processing foods which is produced by using 
the composite material for cooking apparatuses. 

[0561 ] Also the present invention can provide a cooking apparatus for mixing foods which is produced by using the 
composite material for cooking apparatuses. 

[0562] Also the present invention can provide a cooking apparatus for cutting foods which is produced by using the 
composite material for cooking apparatuses. 

[0563] Also the present invention can provide a bakery apparatus produced by using the composite material for cook- 
ing apparatuses. 

[0564] In principle the above-mentioned descriptions regarding the coating composition, coating film and methods for 
production thereof are applied to the composite material for cooking apparatuses of the present invention. Explained 
below are particularly preferable embodiments thereof. 

[0565] Examples of the above-mentioned substrate used usually for the composite material for cooking apparatuses 
of the present invention as a metallic substrate are, for instance, 

0 cold rolled steel sheet. 

@ plated steel sheet, for example, Zn-plated steel sheet, Zn alloy-plated steel sheet, Al-plated steel sheet, Al alloy- 
plated steel sheet, Cr-plated steel sheet (TFS), Ni-plated steel sheet, Cu-plated steel sheet, galvanized steel sheet, 
etc., 

® aluminum sheet, 

@ titanium sheet, 

© stainless steel sheet. 

and the like. 

[0566] In addition, where transparency is required, a ceramic substrate of glass and a resin substrate of acrylic resin 
and polycarbonate are usually used. 

[0567] A thickness of the metal oxide coating film of the composite material for cooking apparatuses of the present 
invention varies depending on kind and portion of cooking apparatuses to which the film is applied. The thickness is 
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from 0.01 to 1 00 *im, preferably from 0.01 to 50 *im, particularly preferably from 0.02 to 20 pm. 
[0568] Cooking apparatuses and parts thereof to which the composite material for cooking apparatuses of the present 
invention is applied are classified by fields they belong to, and exemplified below. Accordingly the present invention also 
relates to cooking apparatuses and parts thereof mentioned below. 
5 [0569] Also these classified cooking apparatuses and parts thereof are shown in Tables 1 to 7. 

® Pots and pans 

(a) Inner surface, inner lid, etc. of electric pot including electric water heater 

10 

[0570] In these applications, stain-proofing property (for fur), hot water resistance and anti-bacterial property of the 
composite material for cooking apparatuses of the present invention can be used particularly effectively. 

(b) Inner surface of inner pot, inner lid, etc. of gas and electric rice cookers and rice cookers with rice washing mecha- 
15 nism, etc. 

[0571] In these applications, non-sticking property (for rice and scorching), stain-proofing property and heat resist- 
ance of the composite material for cooking apparatuses of the present invention can be used particularly effectively. 
Further it is possible to inhibit lowering of the characteristics due to abrasion, scratch, etc. of the coating film by cleaning 
20 with brush, etc. 

© Cooking apparatuses 

(a) Surfaces of frying pan, vat. household hand mixer for cooking, crate, kitchen knife, molder for bread, reverse sheet 
25 for bread, dough dividing and rounding machine for bread, etc., inner surface of mixing bowl, rice chest, etc. and blade 

of the above-mentioned mixer 

[0572] In these applications, non-sticking property (scorching and cohering stains), stain-proofing property and heat 
resistance of the composite material for cooking apparatuses of the present invention can be used particularly effec- 
30 tively. Further it is possible to inhibit lowering of the characteristics due to abrasion, scratch, etc. of the coating film by 
metal spatula, etc. 

(b) Inner surface, blade, etc. of electric food processors such as electric food crusher for domestic use, electric food 
crusher, electric meat grinder for kitchen use, electric blender for kitchen use and electric mixer for kitchen use 

35 

[0573] In these applications, non-sticking property (for vegetable and meat juice) and stain-proofing property of the 
composite material for cooking apparatuses of the present invention can be used particularly effectively. 

© Gas oven with grill 

40 

(a) Top panel, side panel, surface of gas ranges such as gas container built-in type oven, and drip pan cover thereof, 
etc. 

[0574] In these applications, non-sticking property (for oil stains), heat resistance and transparency (property for 
45 exhibiting clear color and pattern) of the composite material for cooking apparatuses of the present invention can be 
used particularly effectively. Further it is possible to inhibit lowering of the characteristics due to abrasion, scratch, etc. 
of the coating film by cleaning with brush, etc. 

@ Ranges with oven including toaster, range, etc. 

so 

(a) Inner surfaces (metallic portion) of ovens (range for kitchen) such as oven for shop use, electric oven (including oven 
for shop use), electric oven with heating cabinet for shop use, cooking oven for shop use and cooking range for shop 
use; ovens for making bread such as baking oven for shop use and automatic baking apparatus for domestic use; elec- 
tric oven and toaster such as toaster and toaster for bread; and microwave range such as microwave range for shop 
55 use and microwave range with oven; and pans for ranges 

[0575] In these applications, non-sticking property (for oil and scorching), stain-proofing property and heat resistance 
of the composite material for cooking apparatuses of the present invention can be used particularly effectively. Further 
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it is possible to inhibit abrasion and scratch of the coating fflm by spatula, brush, etc. 
(b) Inner surface of door of ranges with oven raised in above (a) 

[0576] In these applications, non-sticking property, heat resistance and transparency of the composite material for 
cooking apparatuses of the present invention can be used particularly effectively. In case of microwave range, energy 
ray resistance can be used particularly effectively. 

© Pots and pans 

(a) Inner surface of pots and pans such as glass pot, enamel pot, aluminum pot, electric frying pot, electric Tempura 
pot, electric pressure pot and electric pressure pot for stew, etc. 

[0577] In these applications, non-sticking property for scorching, cohering stains and oil in case of the frying pot and 
Tempura pot) and heat resistance of the composite material for cooking apparatuses of the present invention can be 
used particularly effectively. Further it is possible to inhibit abrasion and scratch of the coating film by spatula, brush, 
etc. 

(b) Lid, etc. of pots and pans raised in above (a) 

[0578] In these applications, not only the characteristics in above (a) but also transparency of the composite material 
for cooking apparatuses of the present invention can be used particularly effectively. 

© Garbage disposer 

[0579] Inner surface, etc. of garbage disposer for domestic use and garbage (waste) disposer for making compost 
[0580] In these applications, non-sticking property and stain-proofing property of the composite material for cooking 
apparatuses of the present invention can be used particularly effectively. 

<2) Other heating apparatuses for cooking 

(a) Heating surface, lid, etc. of griddle 

[0581] In these applications, non-sticking property (for scorching and cohering stains) and heat resistance of the com- 
posite material for cooking apparatuses of the present invention and transparency thereof in case of the lid can be used 
particularly effectively. Further it is possible to inhibit lowering of the characteristics and appearance due to abrasion 
and scratch of the coating film by metal spatula, etc. 

(b) Cooking surface, etc. of electromagnetic cooking apparatuses such as electromagnetic range and oven 

[0582] In these applications, non-sticking property, heat resistance and transparency of the composite material for 
cooking apparatuses of the present invention can be used particularly effectively, and it is possible to inhibit abrasion 
and scratch of the coating film by brush, etc. 

(c) Inner surface, door inner surface, lid, etc. of electric steamer such as food steamer for shop use 

[0583] In these applications, non-sticking property, stain-proofing property, heat resistance and steam resistance of 
the composite material for cooking apparatuses of the present invention can be used particularly effectively, and it is 
possible to inhibit abrasion and scratch of the coating film by brush, etc. 

(d) Inner surface, lid, etc. of noodle boiler for shop use 

[0584] In these applications, non-sticking property, stain-proofing property, heat resistance and hot water resistance 
of the composite material for cooking apparatuses of the present invention can be used particularly effectively, and it is 
possible to inhibit abrasion and scratch of the coating film by brush, etc. 
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(e) Inner surface, inner surface (metallic portion) and door inner surface of cooking roaster for shop use, pan for range, 
etc. 

[0585] In these applications, non-sticking property (for scorching and cohering stains) and heat resistance of the com- 
5 posite material for cooking apparatuses of the present invention can be used particularly effectively, and it is possible 
to inhibit abrasion and scratch of the coating film by brush, etc. 

(f) Inner surface, etc. of tableware and can washer for shop use 

10 [0586] In these applications, non-sticking property, stain-proofing property and hot water resistance of the composite 
material for cooking apparatuses of the present invention can be used particularly effectively. 

(g) Inner surface, door inner surface, etc. of heating cabinet for shop use 

15 [0587] In these applications, non-sticking property, stain-proofing property, transparency and heat resistance of the 
composite material for cooking apparatuses of the present invention can be used particularly effectively. 
[0588] Further as the cooking apparatuses other than those mentioned above, to which the composite material for 
cooking apparatuses of the present invention can be preferably applied, there can be exemplified the same cooking 
apparatuses as raised in Embodiment 1 . 
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EMBODIMENT 7 (composite material for building) 

[0589] With respect to building materials such as building glass, various interior and exterior wall materials, roofing 
materials and interior and exterior materials and construction materials such assign, signal, guardrail, utility pole and 

5 sound-proof wall, since they are used exposed to environment, the surfaces thereof are required to have weather resist- 
ance, stain-proofing property against dust, exhaust gas and rain water, transparency and property for exhibiting clear 
surface pattern. Also various furnitures, kitchen apparatuses such as gas oven with grill and range hood, and housing 
facilities such as coordinated kitchen units, washstand, lavatory and bath room are required to have heat resistance, 
and non-sticking property and stain-proofing property against oil, scorch and fur. In Embodiment 7, all the above-men- 

10 tioned products are referred to as "building materials". These building materials are made of glass, metal, ceramic, syn- 
thetic resin or concrete. Some of them are not subjected to any treatment on their surfaces, but to meet the mentioned 
requirements, on composite materials used for these building materials is applied a fluorine-containing polymer having 
heat resistance, chemical resistance, corrosion resistance, weather resistance, surface characteristics (non-sticking 
property, low friction property, etc.), electric insulating property, etc. However since the fluorine-containing polymer has 

15 not enough adhesion to a surface of substrate such as metal due to its excellent non-sticking property, it is necessary 
to (1) use an adhesive or (2) carry out sand-blasting or etching by electrochemical method to make a surface of the sub- 
strate rough for adhering by anchor. 

[0590] However it is not possible to make the best use of transparency of a glass substrate and color tone such as 
metal gloss of a metallic substrate and thus there is a problem with property for exhibiting clear surface pattern, since 

20 in the method using an adhesive like the method (1), no transparent adhesive having heat resistance and high adhe- 
sivity is available, and also since in the method for making the substrate surface rough like the method (2), the substrate 
surface is made rough significantly. Further even if a transparent adhesive is developed, since a fluorine-containing pol- 
ymer composing a coating film on a surface of a building material, etc. is soft, for example, due to long term use or by 
cleaning with a brush, the coating film is injured and thus transparency is lowered and a surface pattern of a substrate 

25 becomes unclear, or for example, due to abrasion, inherent weather resistance, stain-proofing property, water-repel- 
lency and non-sticking property of a fluorine-containing polymer are lowered. Further since the polymer is soft, when it 
is used on exterior building material, foreign matter, dusts, stains, etc. easily enter into a coating film and the coating 
film is easily stained, and thus there is a case where stains are hardly removed. 

[0591 ] To solve them, there have been made trials to endow the coating film comprising the fluorine-containing poly- 
30 mer with hardness by adding a glassy or aluminum-based inorganic filler. However there were problems that the coating 

film became fragile, transparency was lowered and a surface pattern of a substrate became unclear. 

[0592] Also there have been made various studies to endow glass with water-repellency for the purpose of repelling 

rain water on a window glass and fender mirror of cars in rainy days and making field of view clear. It can be considered 

that the results of such studies are used in the field of building materials. 
35 [0593] To cope with these problems, the proposals have been made (in JP-A-4-1 24047, JP-A-4-325446, JP-A-5- 

24885, JP-A-4-359086, JP-A-5-1 70486, JP-A-5-213633, JP-A-5-51238, JP-A-6-329442, JP-A-6-340451 , JP-A-7- 

102207, JP-A-7-157335). 

[0594] However as mentioned above, even by these conventional sol-gel methods, coating films which are suitable 
for a composite material for building material and have, in addition to adhesive property and transparency, excellent 

40 abrasion resistance, heat resistance, water- and oil-repellency and scratch resistance have not been obtained. 

[0595] The composite material for building which is obtained by applying the coating composition of the present inven- 
tion to the substrate can be used on various building materials including building glass, building member, kitchen facil- 
ities and apparatuses, housing facilities and appliances and various members in the field of construction firstly because 
fine particles of the fluorine-containing ethylenic polymer (A) having functional group are dispersed uniformly in the 

45 coating film comprising the metal oxide (B) because of their good interfacial adhesivity and the coating film has enough 
hardness, transparency and adhesive property, and secondly because the coating film comprising the fluorine-contain- 
ing ethylenic polymer (A) having functional group and the metal oxide (B) has good weather resistance, stain-proofirig 
property, non-sticking property, water-repellency, heat resistance, abrasion resistance and scratch resistance. 
[0596] The present invention can provide the composite material for building comprising a substrate and, on a surface 

so of the substrate, a coating film which comprises the metal oxide (B) and the fine particles of the fluorine-containing eth- 
ylenic polymer (A) having functional group prepared by copolymerizing: 

(a) 0.05 to 50 % by mole of at least one of fluorine-containing ethylenic monomer having at least one functional 
group selected from the group consisting of hydroxyl, carboxyl, a carboxylic salt group, a carboxylic ester group and 

55 epoxy, and 

(b) 50 to 99.95 % by mole of at least one of fluorine-containing ethylenic monomers having no functional group 
mentioned above; the fine particles of the polymer (A) are contained in dispersed state in the metal oxide (B) layer. 
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[0597] Also the present invention can provide the composite material for building, in which the above-mentioned flu- 
orine-containing ethylenic monomer (a) having functional group is at least one of fluorine-containing ethylenic mono- 
mers having functional group and represented by the formula (1 ): 

CX 2 =CX 1 -R r Y (!) 

wherein Y is -CH 2 OH, -COOH, a carboxylic salt group, a carboxyiic ester group or epoxy, X and X 1 are the same or dif- 
ferent and each is hydrogen atom or fluorine atom, R f is a divalent f luorine-containing alkylene group having 1 to 40 car- 
bon atoms, a fluorine-containing oxyalkylene group having 1 to 40 carbon atoms, a fluorine-containing alkylene group 
having ether group and 1 to 40 carbon atoms or a fluorine-containing oxyalkylene group having ether bond and 1 to 40 
carbon atoms. 

[0598] Also the present invention can provide the composite material for building, in which the above-mentioned flu- 
orine-containing polymer (A) having functional group is the polymer (I). 

[0599] Also the present invention can provide the composite material for building, in which the above-mentioned flu- 
orine-containing polymer (A) having functional group is the polymer (II). 

[0600] Also the present invention can provide the composite material for building, in which the above-mentioned flu- 
orine-containing polymer (A) having functional group is the polymer (III). 

[0601 ] Also the present invention can provide the composite material for building, in which the above-mentioned metal 
oxide (B) is a silicon oxide. 

[0602] Also the present invention can provide the composite material for building, in which the above-mentioned metal 
oxide (B) is an aluminum oxide. 

[0603] Also the present invention can provide the composite material for building, in which the above-mentioned metal 
oxide (B) is a titanium oxide. 

[0604] Also the present invention can provide the composite material for building, in which the above-mentioned sub- 
strate is a metallic substrate. 

[0605] Also the present invention can provide the composite material for building, in which the above-mentioned sub- 
strate is a synthetic resin substrate. 

[0606] Also the present invention can provide the composite material for building, in which the above-mentioned syn- 
thetic resin substrate is transparent. 

[0607] Also the present invention can provide the composite material for building, in which the above-mentioned syn- 
thetic resin substrate is a polycarbonate substrate. 

[0608] Also the present invention can provide the composite material for building, in which the above-mentioned syn- 
thetic resin substrate is an artificial marble substrate. 

[0609] Also the present invention can provide the composite material for building, in which the above-mentioned sub- 
strate is a non-metallic inorganic substrate. 

[061 0] Also the present invention can provide the composite material for building, in which the above-mentioned non- 
metallic inorganic substrate is a glass substrate. 

[061 1 ] Also the present invention can provide the composite material for building, in which the above-mentioned non- 
metallic inorganic substrate is a concrete substrate. 

[061 2] Also the present invention can provide the composite material for building, in which the above-mentioned non- 
metallic inorganic substrate is a cement substrate. 

[061 3] Also the present invention can provide an exterior member for building produced by using the composite mate- 
rial for building. 

[061 4] Also the present invention can provide a curtain wall produced by using the composite material for building. 
[061 5] Also the present invention can provide a roofing member produced by using the composite material for build- 
ing. 

[061 6] Also the present invention can provide a roofing tile produced by using the composite material for building. 
[061 7] Also the present invention can provide a roofing material produced by using the composite material for build- 
ing. 

[061 8] Also the present invention can provide a window member produced by using the composite material for build- 
ing. 

[061 9] Also the present invention can provide sashes produced by using the composite material for building. 
[0620] Also the present invention can provide a rain trough produced by using the composite material for building. 
[0621 ] Also the present invention can provide exteriors produced by using the composite material for building. 
[0622] Also the present invention can provide a door produced by using the composite material for building. 
[0623] Also the present invention can provide an outdoor fence produced by using the composite material for building. 
[0624] Also the present invention can provide an interior member for building produced by using the composite mate- 
rial for building. 
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[0625] Also the present invention can provide a wall material produced by using the composite material for building. 
[0626] Also the present invention can provide a flooring material produced by using the composite material for build- 
ing. 

[0627] Also the present invention can provide a ceiling produced by using the composite material for building. 
[0628] Also the present invention can provide a material for fixtures produced by using the composite material for 
building. 

[0629] Also the present invention can provide an interior door produced by using the composite material for building. 
[0630] Also the present invention can provide a blind produced by using the composite material for building. 
[0631] Also the present invention can provide housing facilities and apparatuses produced by using the composite 
material for building. 

[0632] Also the present invention can provide bath and toilet utensils produced by using the composite material for 
building. 

[0633] Also the present invention can provide a washstand produced by using the composite material for building. 
[0634] Also the present invention can provide a toilet bowl produced by using the composite material for building. 
[0635] Also the present invention can provide a bath tub produced by using the composite material for building. 
[0636] Also the present invention can provide a member for kitchen produced by using the composite material for 
building. 

[0637] Also the present invention can provide coordinated kitchen units produced by using the composite material for 
building. 

[0638] Also the present invention can provide a gas oven with grill produced by using the composite material for build- 
ing. 

[0639] Also the present invention can provide a range hood produced by using the composite material for building. 
[0640] Also the present invention can provide an elevator produced by using the composite material for building. 
[0641 ] Also the present invention can provide an escalator produced by using the composite material for building. 
[0642] Also the present invention can provide a building material for construction produced by using the composite 
material for building. 

[0643] Also the present invention can provide a member for constructing a road produced by using the composite 
material for building. 

[0644] Also the present invention can provide a sound-proof wall for construction of a road produced by using the 
composite material for building. 

[0645] Also the present invention can provide a sign for construction of a road produced by using the composite mate- 
rial for building. 

[0646] Also the present invention can provide a guard-rail for construction of a road produced by using the composite 
material for building. 

[0647] Also the present invention can provide a signal cover for construction of a road produced by using the com- 
posite material for building. 

[0648] Also the present invention can provide an electric lamp cover for construction of a road produced by using the 
composite material for building. 

[0649] Also the present invention can provide water supply and drainage members produced by using the composite 
material for building. 

[0650] Also the present invention can provide members for bridge produced by using the composite material for build- 
ing. 

[0651] Also the present invention can provide a member for railway construction produced by using the composite 
material for building. 

[0652] Also the present invention can provide a bolt for railway construction produced by using the composite material 
for building. 

[0653] Also the present invention can provide a signal cover for railway construction produced by using the composite 
material for building. 

[0654] Also the present invention can provide a wiring for railway construction produced by using the composite mate- 
rial for building. 

[0655] Also the present invention can provide a steel tower for railway construction produced by using the composite 
material for building. 

[0656] Also the present invention can provide members for power supply plant produced by using the composite 
material for building. 

[0657] Also the present invention can provide a glass for power supply plant produced by using the composite material 
for building. 

[0658] Also the present invention can provide a utility pole for power supply plant produced by using the composite 
material for building. 
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[0659] Also the present invention can provide an arm for power supply plant produced by using the composite material 
for building. 

[0660] Also the present invention can provide a member for chemical plant produced by using the composite material 
for building. 

[0661 ] In principle the above-mentioned descriptions regarding the coating composition, coating film and methods for 
production thereof are applied to the composite material for building of the present invention. Explained below are par- 
ticularly preferable embodiments thereof. 

[0662] Examples of the substrate usually used for the composite material for building of the present invention are 
metallic plates of aluminum, stainless steel, iron and titanium; metallic plates subjected to hot-dip zinc coating, alumi- 
num plating, etc. ; metallic plates subjected to chemical conversion treatment such as oxidation with chromic acid, phos- 
phoric acid, etc.; alumite-treated metallic plates subjected to anodizing; and the like. 

[0663] Examples of the non-metallic inorganic substrate used usually are glass substrates such as crystallized glass, 
foam glass, heat reflecting glass, heat absorbing glass and composite glass; ceramic substrates such as tile, large size 
pottery plate, ceramic panel and brick; natural stones such as granite and marble; concrete substrates such as high 
strength concrete, glass fiber-reinforced concrete (GRC), carbon fiber-reinforced concrete (CFRC), lightweight aerated 
concrete (ALC) and composite ALC; cement substrates such as extrusion molded cement and composite molded 
cement; asbestos slate; enamelled steel plate; and the like. 

[0664] Further examples of the synthetic resin substrate used are polycarbonate, polyester resin, acrylic resin, vinyl 
chloride resin, artificial marble (mainly comprising unsaturated polyester resin or acrylic resin), steel plates coated with 
vinyl chloride resin, acrylic resin or urethane resin, and the like. 

[0665] Among them, where transparency is required, the non-metallic inorganic substrate of glass and the synthetic 
resin substrate of acrylic resin and polycarbonate are usually used. 

[0666] The substrates used in the present invention may be in the form of sheet, film, tube, pipe, plate or bar or in 
other irregular form. However it is preferable that the form is the same as or similar to that of a finished product from the 
viewpoint of processability. 

[0667] A thickness of the metal oxide coating film of the above-mentioned composite material for building of the 
present invention varies depending on kind and portion of building materials to which the film is applied. The thickness 
is from 0.01 to 1 00 jim, preferably from 0. 1 to 70 Mm. particularly preferably from 1 to 50 jam. 
[0668] Building materials and parts thereof which can employ the composite material for building of the present inven- 
tion are classified by the fields thereof and exemplified below. Accordingly the present invention relates to the building 
materials and various parts thereof mentioned below. 

[0669] Those building materials and parts thereof are itemized, classified and shown in Tables 8 to 1 7. Those men- 
tioned in the column "Metal oxide" are preferable metals (M) composing the metal oxide (B). 

(D Glass for building 

[0670] Building glass, polished flat glass for building (window glass), window of stained glass, windshield glass light 
shielding ratio adjustable glass, etc. ~ ' 

[0671 ] In these applications, transparency, stain-proofing property and flame retardancy of the composite material for 
building of the present invention can be used particularly effectively. 

© Outer wall material, roofing material and interior and exterior material (made of metal) 
[0672] 

(a) Exterior metallic building material for wall, metallic building material, interior and exterior metal panel for build- 
ing, metal fence, metallic tile, metallic building panel, etc. 

(b) Metallic roofing material, solar system built-in roofing material, etc. 

(c) Metallic door, metallic grating, metallic shutter, metallic fence, metallic porch (for building), etc. 

(d) Metallic blind (for outdoor use), gutter, sash, rain door, etc. 

(e) Metallic ceiling panel, metallic floor tile, metallic wall sheet coated with decorative vinyl chloride sheet, etc. 

(f) Metallic parking facilities for cars, metallic object of art. etc. 

[0673] In these applications, weather resistance, stain-proofing property and transparency (property for exhibiting 
clear surface pattern) of the composite material for building of the present invention can be used particularly effectively. 
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© Outer wall material, roofing material and interior and exterior material (non-metallic inorganic material) 
[0674] 

(a) Segmental concrete block or concrete block bonded with a tile or sliced natural stone, segmental concrete road 
pavement board or concrete road pavement board having a surface of rubber material, concrete board which may 
be reinforced with GRC (fiber-reinforced concrete) wall material, etc. 

(b) Extrusion-molded cement such as cement having tile-like surface 

(c) Building stone such as artificial stone 

(d) Building tile, luster-finished tile, floor tile, ceramic tile and border tile made of pottery 

(e) Exterior material for building and for wall such as non-metallic exterior material for building, building material and 
building panel and wall tile for building 

(f) Roofing material such as solar system built-in roofing material made of ceramic 

(g) Gravestone and grave-post 

(h) Small sculpture, standing sculpture, image, bust and other object of art made of stone, concrete or marble 

[0675] In these applications, weather resistance, stain-proofing property, water-proofing property, transparency (prop- 
erty for exhibiting clear surface pattern), processability and adhesive property of the composite material for building of 
the present invention, abrasion resistance thereof in case of above (c) and weathering preventing property thereof in 
cases of (g) and (h) can be used particularly effectively. 

@ Outer wall material, roofing material and interior and exterior material (made of resin) 
[0676] 

(a) Floor panel, ceiling panel, etc. 

(b) Grating, gutter and blind and door for indoor use, etc. 

(c) Plastic panel for concrete 

(d) Gasket for building 

(e) Curtain, cover and sunshield with an insect-proofing, ultraviolet ray and heat shielding and scatter preventing 
film 

(f) Flooring material made of stone or flooring material made of polyvinyl chloride and having a surface of stone pat- 
tern 

(g) Solar system built-in plastic roof ing material 

(h) Sectional polyvinyl chloride tile having clearance and being capable of draining water 

(i) Synthetic resin sash 

(j) Decorative board for counter, furniture, sill, wall panel, bucksplash, baseboard, wail of bathroom and shower 
room 

(k) Prefabricated assembly set for washstand, shower room, lavatory, transferable toilet, public toilet, etc. 
(I) Assembly set of sauna room, garage, etc. 

[0677] In these applications, weather resistance, stain-proofing property, transparency (property for exhibiting clear 
surface pattern), water resistance, processability and adhesive property of the composite material for building of the 
present invention can be used particularly effectively. 

© Outer wall material and roofing material (made of wood) 

[0678] 

(a) Timber for household utensils and timber and decorative panel for building such as veneer and wooden panel, 
etc. 

(b) Wooden fence, door and window frame for indoor use, etc. 

(c) Wooden panel for building produced by adhering elastic rubber material on the back of plywood 

(d) Wooden assembly set for building 

[0679] In these applications, weather resistance, stain-proofing property, transparency (property for exhibiting clear 
surface pattern), water resistance, processability and adhesion of the composite material for building of the present 
invention can be used particularly effectively. 
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© Furniture 
[0680] 

(a) Glass showcase, wagon, display wagon, display panel, display stand, meal conveying wagon, flower stand, etc. 

(b) Shelf, screen, desk, sofa, shelf for chest of drawers, etc. 

(c) Telephone booth made of metal or various materials 

[0681 ] In these applications, stain-proofing property, transparency (property for exhibiting clear surface pattern), water 
resistance and processability of the composite material for building of the present invention and further property for pre- 
venting paper from being pasted, adhesive property, abrasion resistance and scratch resistance thereof in case of 
above (c) can be used particularly effectively. 

<2) Apparatuses for household and shop uses 
[0682] 

(a) Gas oven with grill, range hood, ventilation hood, etc. 

(b) Metallic duct for central heating, ventilator, air conditioner, eta 

[0683] In these applications, stain-proofing property, non-sticking property (against oil stains), processability and 
adhesive property of the composite material for building of the present invention can be used particularly effectively. 

<D Housing facilities and appliances 

[0684] 

(a) Coordinated kitchen units including range for kitchen (oven), sink, etc. 

(b) Electrically heated, gas heated and oil heated water heaters (including instantaneous water heater) 

(c) Wall-mounted washbasin, washstand, hair washing appliance for domestic use, washstand with hair washing 
function, washbasin for washstand, washbasin with cover, bow window type washstand, etc. 

(d) Flush toilet stool, small size chamber pot for car, urinal, toilet stool with urinalyzer, toilet stool for little children, 
toilet stool with hot water washing mechanism, toilet seat with deodorizing unit and water tank for flush toilet 

(e) Lining for bathrooms including shower room, sauna bath for domestic and shop uses, bath tubs such as prefab- 
ricated bath tub, bath tub with bubble generator and bath utensils such as handle mounted on bath tub and soap 
holder 

(f) Escalator, elevator (including those for private houses), etc. 

[0685] In these applications, stain-proofing property, property for exhibiting clear surface pattern (transparency) and 
processability of the composite material for building of the present invention, and further heat resistance thereof in 
cases of above (a), (b) and (e), abrasion resistance and scratch resistance thereof in cases of above (c) to (e) and slid- 
ing property and corrosion resistance thereof in case of above (f) can be used particularly effectively. 

(D Construction 
[0686] 

(a) Sign for bus stop, sign for street, sign mounted on guardrail, etc. 

(b) Signals such as luminous signal and mechanical signal 

(c) Guardrail produced by using various materials 

(d) Utility pole produced by using various materials 

(e) Sound-proof wall 

(f) Plastic molding frame for forming concrete for building and structure 

[0687] In these applications, weather resistance, stain-proofing property, scratch resistance, transparency (property 
for exhibiting clear surface pattern), processability and adhesive property of the composite material for building of the 
present invention and further mold-release property thereof in case of above (f) can be used particularly effectively. 
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EXAMPLE 



[0688] The present invention is then explained by means of Preparation Example and Examples, but the present 
invention is not limited to them. 

PREPARATION EXAMPLE 1 

(Preparation of aqueous dispersion comprising PFA having hydroxyl) 

[0689] A 3-liter glass-lined autoclave equipped with a stirrer, valve, pressure gauge and thermometer was charged 
with 1 ,500 ml of pure water, 9.0 g of ammonium perf luorooctanoate and 60 g of paraffin. After replacing with nitrogen 
gas sufficiently, the autoclave was evacuated and charged with 20 ml of ethane gas. 
[0690] Then 1 .9 g of perfluoro-(1 ,1 ,9,9-tetrahydro-2,5-bistrifluoromethyl-3,6-dioxa-8-nonenol) (formula (7)): 



and 1 6. 1 g of perf luoro(propyl vinyl ether) (PPVE) were fed into the autoclave with pressurized nitrogen, and a temper- 
ature inside the system was maintained at 70°C. 

[0691] Pressurized tetrafluoroethylene gas (TFE) was introduced into the autoclave with stirring so that the inside 
pressure of the autoclave became 8.5 kgf/cm 2 G. 

[0692] Then a solution prepared by dissolving 0.1 5 g of ammonium persulfate in 5.0 g of water was added with pres- ' 
surized nitrogen gas to initiate the reaction. 

[0693] Since the pressure lowered with the advance of the polymerization reaction, it was increased again to 8.5 
kgf/cm^ by feeding tetrafluoroethylene gas at the time when it lowered to 7.5 kgf/crr^G. Thus the decreasing and 
increasing of the pressure was repeated. 

[0694] With continuing supply of tetrafluoroethylene, every time when about 40 g of tetrafluoroethylene gas was con- 
sumed after starting of the polymerization, 0.96 g of the above-mentioned fluorine-containing ethylenic monomer hav- 
ing hydroxyl (compound represented by the formula (7)) was introduced under pressure nine times (8.64 g in totai) to 
continue the polymerization. At the time when about 400 g of tetrafluoroethylene gas was consumed after starting of 
the polymerization, the supplying thereof was terminated and the autoclave was cooled and the un-reacted monomer 
was released to give 1 ,978 g of a bluish semi-transparent aqueous dispersion. 

[0695] A concentration of the polymer in the obtained aqueous dispersion was 21 .1 %, and a particle size measured 
by dynamic light scattering method was 97 nm. 

[0696] Also a part of the obtained aqueous dispersion was sampled and subjected to freeze coagulation, and the pre- 
cipitated polymer was rinsed and dried to isolate a white solid. Components and their amounts of the obtained polymer 
which were determined through 19 F-NMR and IR analyses were TFE/PPVE/(Fluorine-containing ethylenic monomer 
having hydroxyl and represented by the formula (7)) = 99.2/0.3/0.5 % by mole. 
[0697] In infrared spectrum, characteristic absorption of -OH was observed at 3,620 to 3,400 cm ?1 . 
[0698] According to DSC analysis, Tm was 31 3°C, and according to DTGA analysis, 1 % decomposition temperature 
Td was 357°C. A melt flow rate measured under conditions of preheating at 372°C for five minutes at a load of 7 kgf/cm 2 
by using Kbka-type flow tester and nozzles of 2 mm x 8 mm length was 1 .5 g/10 min. 

PREPARATION EXAMPLE 2 

(Preparation of aqueous dispersion comprising PFA having hydroxyl) 

[0699] The same autoclave as in Preparation Example 1 was charged with 1 ,500 ml of pure water, 9.0 g of ammonium 
perfluorooctanoate and 60 g of paraffin. After replacing with nitrogen gas sufficiently, the autoclave was evacuated and 
charged with 20 ml of ethane gas. 

[0700] Then 3.6 g of perf luoro-(1 , 1 > 9 l 9-tetrahydro-2,5-bistrifluoromethyl-3 I 6-dioxa-8-nonenol) (compound of the for- 
mula (7)) and 16.5 g of perfluoro(propyl vinyl ether) (PPVE) were fed into the autoclave with pressurized nitrogen gas, 
and a temperature inside the system was maintained at 70°C. 

[0701] Pressurized tetrafluoroethylene (TFE) gas was introduced into the autoclave with stirring so that the inside 




CH 2 =CFCF 2 OCFCF 2 OCFCH 2 OH 



(7) 
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pressure became 8.5 kgf/crrr^G. 

[0702] Then a solution prepared by dissolving 0.1 5 g of ammonium persulfate in 5.0 g of water was fed with pressu- 
rized nitrogen gas to initiate the reaction. 

[0703] Since the pressure lowered with the advance of the polymerization reaction, at the time when the pressure 
5 lowered down to 7.5 kgf/crrr^G, it was increased again to 8.5 kgf/ar^G with tetraf luoroethylene gas, and the decreasing 
and increasing of the pressure were repeated. 

[0704] With continuing supply of tetraf luoroethylene, every time when 40 g of tetrafluoroethylene gas was consumed 
after starting of the polymerization, 1 .8 g of the fluorine-containing ethylenic monomer having hydroxyl (compound rep- 
resented by the formula (7)) was introduced nine times (16.2 g in total) under pressure to continue the polymerization. 

w When 400 g of tetrafluoroethylene was consumed after starting of the polymerization, the supplying thereof was termi- 
nated. The autoclave was cooled and the un-reacted monomer was released to give 1 ,997 g of an aqueous dispersion. 
A concentration of the polymer in the obtained aqueous dispersion was 22. 1 % and a particle size thereof was 1 41 nm. 
[0705] A part of the aqueous dispersion was sampled, and a white solid was isolated in the same manner as in Prep- 
aration Example 1 . 

15 [0706] Analysis of the obtained white solid indicates: 

TFE/PPVE/(Ruorine-containing monomer having hydroxyl and represented by the formula (7)) = 98.2/0.7/1 .1 % by 
mole 

Tm = 314°C 

20 1 % Thermal decomposition temperature Td = 366°C 
Melt flow rate: 1 .3 g/1 0 min 

[0707] In infrared spectrum, characteristic absorption of -OH was observed at 3,620 to 3,400 cm -1 . 

25 PREPARATION EXAMPLE 3 

(Preparation of aqueous dispersion comprising PFA having hydroxyl) 

[0708] The same autoclave as in Preparation Example 1 was charged with 1 ,500 ml of pure water, 9.0 g of ammonium 
30 perf luorooctanoate and 60 g of paraffin. After replacing with nitrogen gas sufficiently, the autoclave was evacuated and 
charged with 20 ml of ethane gas. 

[0709] Then 3.6 g of perfluoro-(1 .1 ,9,9-tetrahydro-2,5-bistrrfluoromethyl-3,6-dioxa-8-nonenol) (compound of the for- 
mula (7)) and 18.4 g of perfluoro(propyl vinyl ether) (PPVE) were fed into the autoclave with pressurized nitrogen gas, 
and a temperature inside the system was maintained at 70°C. 
35 [0710] Pressurized tetrafluoroethylene (TFE) gas was introduced into the autoclave with stirring so that the inside 
pressure became 8.5 kgf/crr^G. 

[071 1 ] Then a solution prepared by dissolving 0. 1 5 g of ammonium persulfate in 5.0 g of water was fed with pressu- 
rized nitrogen to initiate the reaction. 

[0712] Since the pressure lowered with the advance of the polymerization reaction, at the time when the pressure 
40 lowered down to 7.5 kgf/cm 2 G, it was increased again to 8.5 kgf/crrfo, and the decreasing and increasing of the pres- 
sure were repeated. 

[071 3] With continuing supply of tetrafluoroethylene. every time when 40 g of tetrafluoroethylene gas was consumed 
after starting of the polymerization, 3.6 g of the fluorine-containing ethylenic monomer having hydroxyl (compound rep- 
resented by the formula (7)) was introduced nine times (32.4 g in total) under pressure to continue the polymerization. 

45 When 400 g of tetrafluoroethylene was consumed after starting of the polymerization, the supplying thereof was termi- 
nated. The autoclave was cooled and the un-reacted monomer was released to give 1 ,988 g of an aqueous dispersion. 
A concentration of the polymer in the obtained aqueous dispersion was 22.3 % and a particle size thereof was 85 nm. 
[071 4] A part of the aqueous dispersion was sampled, and a white solid was isolated in the same manner as in Prep- 
aration Example 1 . 

so [071 5] Analysis of the obtained white solid indicates: 

TFE/PPVE/(Fluorine-containing monomer having hydroxyl and represented by the formula (7)) = 97.3/0.9/1 .8 % by 
mole 

Tm = 314°C 

ss 1% Thermal decomposition temperature Td = 371°C 
Melt flow rate: 1.1 g/1 0 min 

[071 6] In infrared spectrum, characteristic absorption of -OH was observed at 3,620 to 3,400 cm -1 . 
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PREPARATION EXAMPLE 4 

(Synthesis of aqueous dispersion of PFA having no functional group) 

s [071 7] Emulsion polymerization was carried out in the same manner as in Preparation Example 1 except that paraffin 
and perfluoro-(1,1,9,9-tetrahydro-2,5-bistrifluoromethyl-3,6-diQxa-8-nonenol) (compound of the formula (7)) were not 
used, and 1 ,922 g of an aqueous dispersion of PFA having no functional group was obtained. 
[0718] A concentration of the polymer in the aqueous dispersion was 21 .6%, and a particle size thereof was 156 nm. 
[071 9] A white solid was isolated and analyzed in the same manner as in Preparation Example 1 . 

10 

TFE/PPVE = 99.3/0.7% by mole 
Tm = 317°C 

1% Thermal decomposition temperature Td = 479°C 
Melt flow rate: 19.2 g/ 10 min 

15 

[0720] In infrared spectrum, no characteristic absorption of -OH was observed. 

EXAMPLE 1 

20 (1) Preparation of metal oxide sol 

[0721 ] A 500 ml beaker was charged with 54 g of tetraethoxysilane, 46 g of triethoxymethyisilane and 200 g of ethanol, 
followed by stirring at room temperature for one hour. Then 50 g of 0.1 N hydrochloric acid was added, followed by stir- 
ring at 50°C for three hours to give a silica so! solution. 

25 

(2) Preparation of coating solution 

[0722] To 44.8 g of the PFA dispersion obtained in Preparation Example 3 was added 87.5 g of the silica sol solution 
obtained in above (1), followed by stirring at room temperature for one hour to give a coating solution. 

30 

(3) Coating 

[0723] On a Pyrex glass plate was applied the coating solution obtained in above (2) by using a 10 mil applicator to 
form a wet coating film. 

35 

(4) Baking 

[0724] After the wet coating film obtained in above (3) was air-dried at room temperature to dry water and ethanol on 
the glass substrate, followed by baking in the air at 250°C for 60 minutes to give an about 6 jim thick coating film. 

40 

(5) Test 

[0725] With respect to the coating solution and coating film obtained in Example 1, the following tests were carried 
out. 

45 

(j) Dispersion stability of coating solution 

[0726] The coating solution obtained in above (2) was allowed to stand at room temperature for three hours to observe 
dispersion stability. When the whole solution was transparent or semi-transparent, it was evaluated as "0"i ^ Q 
so whole solution was turbid in white, it was evaluated as "a"; and when the fluorine-containing polymer was partly precip- 
itated in the solution or when the whole solution was coagulated, it was evaluated as "X". 

@ Transparency of coating film 

55 [0727] To determine transparency of the coating film obtained in above (4), haze value was measured with a haze 
meter. 
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@ Hardness of coating film 

[0728] Pencil scratch test was carried out according to JIS K5401 at room temperature to measure hardness of pencil. 
5 @ Adhesive property 

[0729] According to JIS K5400, a hundred squares were cut by cross-cutting the coating film surface, an adhesive : 
tape was stuck to the cross-cut surface and the adhesive tape was strongly pulled up in the direction vertical to the sur- 
face to observe state of peeling of the cut squares. The adhesive property is indicated by the number of remaining 
10 squares per 100. 

© Test for non-sticking property 

[0730] Measurement was carried out at room temperature. Fig. 1 shows a diagrammatic perspective view of a test 
is piece used for the test for non-sticking property. The test piece 1 was one obtained in above (4), and its length a was 
not less than 150 mm. Stains on the test piece was wiped off with acetone. Firstly 18 mm wide adhesive tape 2 (JIS Z 
1 522) was cut to a length of 300 mm. Only a portion of the adhesive tape which is 1 50 mm length a was put on the test 
piece 1 , and the tape 2 was rubbed with an eraser of JIS S 6050 to give an adhered part 3. To the remaining 150 mm 
long portion was stuck a paper (not shown in Fig. 1) to make handling easy. After pressing the tape on the test piece, it 
20 was allowed to stand for 20 minutes to well adhere the tape 2 to the test piece 1 . Then the tape 2 was peeled off only 
by width b (25 mm) from the end of the test piece 1 , and the test piece 1 was mounted on a clamp at a lower part of a 
tension tester. One end of the partly peeled tape 2 was folded at an angle of 180°, and set on a clamp at an upper part 
of the tester so that the tape 2 could be peeled off straightly. A force for peeling the tape 2 from the test piece 1 at a 
tension speed of 20 mm/min was measured. A measured value was determined by averaging a force for peeling the 
25 tape 2 smoothly. 

<§) Water repellency of coating film 

[0731 ] A contact angle of water on the above-mentioned coating film was measured with a contact angle meter. 

30 

@ Abrasion resistance test 

[0732] The above-mentioned coating film was rubbed 3,000 times with a flannel cloth (cotton No. 300) at a load of 1 .5 
kg/4 cm 2 , and then a contact angle of water was measured in the same manner as in above ©. 
35 [0733] The results are shown in Table 1 8. 

EXAMPLE 2 

[0734] A coating solution comprising components in amounts shown in Table 18 was prepared in the same manner 
40 as in Example 1 by using the aqueous dispersion of the fluorine-containing polymer (A) obtained in Preparation Exam- 
ple 2. 

[0735] Coating, baking and tests were carried out in the same manner as in Example 1 except that the obtained coat- 
ing solution was coated by using a 6 mil applicator. The results are shown in Table 18. 

45 EXAMPLE 3 

[0736] Preparation of a coating solution, coating, baking and tests were carried out in the same manner as in Example 
2 except that the aqueous dispersion of the fluorine-containing polymer (A) obtained in Preparation Example 1 was 
used and a coating solution comprising components in amounts shown in Table 18 was prepared. The results are 
so shown in Table 18. 

COMPARATIVE EXAMPLE 1 

[0737] Preparation of a coating solution, coating, baking and tests were carried out in the same manner as in Example 
55 1 except that the aqueous dispersion of the fluorine-containing polymer having no functional group and obtained in 
Preparation Example 4 was used and a coating solution comprising components in amounts shown in Table 18 was 
prepared. The results are shown in Table 18. 
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COMPARATIVE EXAMPLE 2 

[0738] Coating, baking and evaluation were carried out in the same manner as in Example 1 by using only a silica so! 
solution to which no aqueous dispersion of fluorine-containing polymer had been added. The results are shown in Table 
5 18. 
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[0739] As is clear from the results shown in Table 18, it is seen that the coating composition of the present invention 
is excellent in dispersion stability and the coating film obtained from the composition is excellent in transparency, water 
repellency and abrasion resistance. 
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EXAMPLE 4 

[0740] Preparation of a coating solution, coating and baking were carried out in the same manner as in Example 1 
except that instead of the Pyrex glass sheet, a 1 .5 mm thick pure aluminum sheet (A1050P) degreased with acetone 
5 was used, to form a coating film on the aluminum sheet. The obtained coating film was transparent and excellent in 
property for exhibiting clear surface pattern, and the aluminum surface was seen vividly. 

[0741 ] By using the coated sheet, measurement of a coating thickness and tests for adhesive property, non-sticking 
property and water repellency were carried out in the same manner as in Example 1. Further tests for stain-proofing 
property and weather resistance were carried out by the methods mentioned below. 

10 

<D Test for stain-proof ness for carbon 

(Preparation of carbon solution) 

15 [0742] To 90 g of ion-exchanged water was added 1 0 g of a carbon powder (MA1 00 available from Mitsubishi Chem- 
ical Co., Ltd.), followed by dispersing and mixing by using glass beads to give a carbon dispersion. 

(Application of carbon) 

20 [0743] TTie above-mentioned carbon dispersion was applied to the coated sheet by spraying at about 50 g/m 2 and 
heated at 80°C for two hours to give a black test piece. 

(EvaJuation) 

25 [0744] The obtained black test piece was exposed to flowing water and cleaned with brush. Then a degree of con- 
tamination was observed with naked eyes and evaluated under the following criteria. The results are shown in Table 19. 

O : It is possible to remove contamination by washing. Nearly the same coated sheet as before the coating of car- 
bon dispersion is recovered. 

30 a: A part of contamination could be removed by washing, but grey contamination remained over the whole surface 
of the coated sheet and could not be removed. 

X: Black contamination remained over the whole surface of the coated sheet and could not be removed even by 
cleaning with water. 

35 <D Weather resistance test 

[0745] The above-mentioned coated sheet was put in l-SUPER UV tester (available from Iwasaki Denki Co., Ltd.), 
and accelerated weather resistance test was carried out. After 500-hour test, a contact angle of water on the coated 
sheet was measured. The results are shown in Table 19. 

40 

COMPARATIVE EXAMPLE 3 

[0746] After 80 to 1 20 mesh sand blasting of the same aluminum sheet as in Example 4, a primer (POLYFLON TFE 
ENAMEL EK- 1959 DGN available from Daikin Industries, Ltd.) was spray-coated thereon and dried at 90°C in an infra- 
45 red drying oven to form a primer layer. 

[0747] After electrostatic coating of a PFA powder coating (NEOFLON powder coating ACX-31 available from Daikin 
Industries, Ltd.) on the primer layer, baking was carried out at 350°C for 30 minutes to give a coated sheet having a PFA 
powder coating layer. A coating film having a grayish brown primer layer was obtained. 

[0748] Also the same tests as in Example 4 were carried out by using the coated sheet having the PFA powder coating 
so film. The results are shown in Table 19. 

COMPARATIVE EXAMPLE 4 

[0749] A paint for clear coating was prepared by mixing 100 g of ZEFFLE GK510 (available from Daikin Industries, 
55 Ltd., OH value: 60) which is a varnish for room temperature curing type fluorine-containing resin coating, 10.5 g of 
CORONATE HX (available from Nippon Polyurethane Co., Ltd.) which is an isocyanate curing agent and 120 g of butyl 
acetate and then adjusting OH/NCO ratio to 1:1. 

[0750] After spray-coating of the paint for clear coating on an aluminum sheet which had been sand-blasted in the 
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same manner as in Comparative Example 3, baking was carried out at 1 20°C for 30 minutes to give a coated sheet hav- 
ing a coating film thereon. Also the same tests as in Example 4 were carried out by using the coated sheet. The results 
are shown in Table 19. 

COMPARATIVE EXAMPLE 5 

[0751] A paint was prepared by mixing 100 g of ACRYDIC A801 (available from Dar Nippon Ink Co.. Ltd., OH value: 
100) which is a varnish for a room temperature curing acrylic resin coating, 17 g of CORONATE HX (same as in Com- 
parative Example 4) which is an isocyanate curing agent and 120 g of butyl acetate and then adjusting OH/NCO ratio 
to 1 :1. The obtained coating was spray-coated on an aluminum sheet and baked in the same manner as in Comparative 
Example 4 to give a coated sheet having a coating film thereon. 

[0752] Also the same tests were carried out in the same manner as in Example 4 by using the coated sheet. The 
results are shown in Table 19. 
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INDUSTRIAL APPLICABILITY 

[0753] The present inventors have found the following effects with respect to the coating composition of the present 
invention which is obtained by introducing the above-mentioned specific functional group into a fluorine-containing pol- 
ymer and combining the polymer with a metal oxide and solvent, and a coating film and multi-functional composite 
material which are obtained by using the coating composition. 

® A fluorine-containing resin is inherently low in affinity with water and solvent, and even in a dispersion of fluo- 
rine-containing resin particles containing an emulsifying agent, in many cases, the fluorine-containing resin, when 
added to a solvent, becomes unstable and is precipitated. However as mentioned above, by introducing the specific 
functional group, dispersion stability of the fluorine-containing polymer (A) dispersion is enhanced and the stable 
composition which is free from precipitation even in combination use with such an alcohol solvent as used in the 
coating composition of the present invention can be obtained. 

© Also in preparing the solution of the metal oxide sol (B-1) and in the polycondensation reaction after the hydrol- 
ysis, the functional group of the fluorine-containing polymer (A) partly takes part in a reaction with a metal com- 
pound or metal oxide to enhance dispersion stability of the fluorine-containing polymer (A) in the coating 
composition. 

© In the process for further advancing the polycondensation of the metal oxide (B) in the baking step after the 
coating, the same reaction as in above @ occurs, and by the resulting binding, dispersibility and interfacial adhe- 
sion of the fluorine-containing polymer (A) with the metal oxide (B) (gel) in the coating film are improved. 

[0754] By the above-mentioned effects, the coating composition of the present invention comprising the fluorine-con- 
taining polymer (A), metal oxide (B) and solvent (C) and the coating film of the composition give, to the multi-functional 
composite material produced by forming the coating film on various substrates, excellent transparency and abrasion 
resistance and further water repellency, stain-proofing property, non-sticking property, sliding property, weather resist- 
ance and heat resistance. 

[0755] Further the coating composition of the present invention can be applied to various substrates of not only glass 
but also metal, resin, ceramic, etc.. and can give the coating film having excellent adhesive property. The coating com- 
position can give to various substrates not only water repellency and transparency but also heat resistance, weather 
resistance, stain-proofing property, chemical resistance, low friction property, non-sticking property, low refraction prop- 
erty, anti-reflection property, etc., and can be used for various applications. 

[0756] Particularly when the substrate is glass, transparency of the substrate glass is not lost and water repellency, 
oil repellency, anti-reflection property, low refraction property, etc. can be given to a surface of the substrate glass. The 
glass substrate coated with the coating composition can be used for Q) glass for cars, @ glass for building, ® optics- 
related parts. ® liquid crystal-related parts, etc. Also corrosion resistance, rust-preventive property, chemical resist- 
ance, weather resistance, non-sticking property and sliding property can be given to metallic surfaces of aluminum, 
iron, alloy, etc., and various applications such as building material, chemical plant, food processing, cooking apparatus, 
car-related parts and office automation-related parts can be developed. 

[0757] Further the multi-functional composite material of the present invention can be used preferably in various fields 
as water-repellent composite material, stain-proofing composite material, non-sticking composite material, weather 
resistant composite material and composite material having sliding property, and particularly preferably used as a com- 
posite material for cooking apparatuses and for building. 

Claims 

1. A coating composition comprising 

(A) a fluorine-containing ethylenic polymer having functional group which is obtained by copolymerizing a flu- 
orine-containing ethylenic monomer having at least one of functional groups consisting of hydroxyl, carboxyl, 
a carboxyl ic salt group and a carboxylic ester group, 
(B-1) a metal oxide sol, and 
(C) a solvent. 

2. The coating composition of Claim 1 , wherein the fluorine-containing polymer (A) having functional group is in the 
form of fine particles. 

3. The water-repellent coating composition of Claim 2, wherein the fine particles of the fluorine-containing polymer (A) 
having functional group are water-repellent fine particles. 
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4. The coating composition of any of Claims 1 to 3, wherein the fluorine-containing polymer (A) having functional 
group is a fluorine-containing polymer having functional group which is obtained by copolymerizing 

(a) 0.05 to 50 % by mole of at least one of fluorine-containing ethylenic monomers having functional group and 
5 represented by the formula (1 ): 

CX 2 =CX 1 -R r Y (1) 

wherein Y is -CH 2 OH, -COOH, a carboxylic salt group, a carboxylic ester group or epoxy, X and X 1 are the 
io same or different and each is hydrogen atom or fluorine atom, R f is a divalent fluorine-containing alkylene 

group having 1 to 40 carbon atoms or a divalent fluorine-containing alkylene group having ether bond and 1 to 
40 carbon atoms, and 

(b) 50 to 99.95 % by mole of at least one of fluorine-containing ethylenic monomers copolymerizable with the 
fluorine-containing ethylenic monomer (a) having functional group. 

15 

5. The coating composition of Claim 4, wherein the fluorine-containing ethylenic monomer (a) having functional group 
is a fluorine-containing ethylenic monomer having functional group and represented by the formula (2): 

CH 2 =CFCF 2 -R f 1 -Y 1 (2) 

20 

wherein Y 1 is -CH 2 OH, -COOH, a carboxylic salt group, a carboxylic ester group or epoxy, R, 1 is a divalent fluorine- 
containing alkylene group having 1 to 39 carbon atoms or OR f 2 , in which R f 2 is a divalent fluorine-containing 
alkylene group having 1 to 39 carbon atoms or a divalent fluorine-containing alkylene group having ether group and 
1 to 39 carbon atoms. 

25 

6. The coating composition of Claim 4 or 5, wherein the fluorine-containing ethylenic monomer (b) is tetrafluoroethyl- 
ene. 

7. The coating composition of Claim 4 or 5, wherein the fluorine-containing ethylenic monomer (b) is a mixture of 85 
30 to 99.7 % by mole of tetraf luoroethylene and 0.3 to 1 5 % by mole of a monomer represented by the formula (3): 

CF 2 =CF-R f 3 (3) 

wherein R f 3 is CF 3 or ORf 4 , in which R f 4 is a perfluoroalkyl group having 1 to 5 carbon atoms. 

35 

8. A coating film of metal oxide which comprises the metal oxide (B) and the water-repellent fine particles of the fluo- 
rine-containing polymer (A) having functional group of Claim t , 2, 4, 5, 6 or 7; said fine particles being dispersed in 
the coating film. 

40 9. A coating film of metal oxide which comprises the metal oxide (B) and the water-repellent fine particles of the fluo- 
rine-containing polymer (A) having functional group of Claim 3, 4, 5, 6 or 7; said water-repellent fine particles being 
dispersed in the coating film. 

10. In a method for producing a coating film by using a metal oxide sol (B-1) obtained from at least one selected from 
45 the group consisting of a metal altoxide, a metal acetylacetate, a metal carboxylate, a metal nitrate and a metal 
chloride and an aqueous dispersion of fine particles of the fluorine-containing polymer (A) having functional group 
of Claim 1 , 2, 4, 5, 6 or 7 prepared by emulsion polymerization; said method comprising the steps of 

(1) preparing a coating solution by mixing the metal oxide sol (B-1) and the aqueous dispersion, 
so (2) forming the coating film by applying the coating solution to a substrate, and 

(3) baking the coating film to obtain the film containing the fine particles of the fluorine-containing polymer (A) 
having functional group in dispersed state. 
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